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CONSTSOCTTOW  AMD  DESIGN  OF  ROCKET  r,M31M2S. 


7.  A.  Volo^lin. 


Paae  1, 


It  is  approved  by  the  Ministry  cf  tha  higher  and  secondary  special 
education  of  the  USSR  as  the  taxtoocic  far  the  technical  schools. 

Page  2« 

In  the  textbook  are  given  conoca  survey/coverage,  the 
classification  and  short  rocxet-acrcc  characteristics  and  their 
working  medius/prcpellants.  Is  oritfly  presented  the  history  cf  the 
development  of  rocket  engines.  Is  axamiaed  the  theory  cf  thermal 
rocket  engines  and  are  presented  tne  bases  cf  construction  and  design 
of  the  rocket  engines,  whicn  worn  on  the  liquid  and  solid  chemical 

propellant.  Is  given  scae  information  aoout  the  nuclear  and 
electrical  rocket  engines. 
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Taxtbook  is  intend sd  lor  cae  atii/in'j  mackire-tuildinvg  technical 
schools.  It  can  b®  ussful  to  tae  wfecanical-engir.ear ir.g  workers  of 
rcckat  ongin®  construc+ica. 


Pag®  3. 


?r ®faca. 


In  last  10-15  y®ars  is  vigotously  ievslopod  rocket  and  spacs 
tschaology,  Ar®  created  diftaraat  types  of  th«  highly  efficient 
rockat  anginss,  which  work  on  the  iiguid  and  solid  chemical 
propallant,  are  deweloped/pcocassea  nublear  and  electric  motors.  In  a 
number  of  cases  in  one  rocket  apparatus  siniultan®ously  are  used  the 
anginas  of  diff®rent  types. 

Ac  present  there  is  a  suff ici»r.tly  numerous  literature  according 
to  the  theory,  by  the  const ruction/da  sign  and  according  to  the  design 
of  RO.  However,  until  recently  there  is  no  t®xtbook  on  the  rocket 
engines  for  the  technical  schools.  Target  of  this  book  -  to  complete 
this  gap/spacing. 

Textbook  consists  of  four  parts. 


In  the  first  part  are  jiven  tae  ganeral  information  about  the 
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rorkst  «r.g:.nr‘s  and  th**  rocka;  api-aic ;  usas  (princ?  pie  cf  thair 
<?f f  =»3t/ac-f’.on ,  classaf? ca'cioa,  nna  parameters,  th**  firrld  cf 
apnlication,  ate.).  Further aora,  ate  given  the  classification  of 
verking  medium/nropellants  of  iJ  Aud  tae  requirements,  presented  to 
them. 

In  the  second  par*  from  tan  pcsition  cf  the  g"-r. ^raliz'^d  corc^'ot 
"thermal  rocket  engine”  is  examined  t ha  theory  chemical  and 
nonchem5.cal  RD. 

The  third  part  of  tha  taxtocox  is  iadicated  tc 
constcuction/design  and  design  cf  the  chemical  rocket  engines  (first 
of  all  of  liquid  ones) ,  whica  at  present  underwent  great  development 

In  one  fourth  is  given  some  inforaation  about  noncheaical  RD. 

All  parameters  in  the  tjxtoocx  ara  given  in  the  international 
system  of  units  (to  system  of  51).  The  figures,  given  in  the  book, 
for  the  educational  goals  are  carried  out  simplified. 

The  author  expresses  deep  appreciation  tc  doctor  of  technical 
sciences.  Prof.  G.  B.  Sinyarev  to  aortor  of  technical  sciences  M.  R. 
Gnesin  for  th*  considerable  atcanticn  to  the  publication  of  present 
textbook,  and  also  for  the  valaaole  observations  whose  account  mad» 
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it  D'>ssibl<»  to  roP3i'^«rabiy  im^irove  his  quality. 


Pag«»  4. 


Diir5.ng  th®  r^vi^w  cf  tha  aanusccigt  of  th®  book  G,  B.  Sinyarev 
comraii n icat®i3  +■0  th®  author  tie  BuaD®r  jf  original  material  -  1  o-' 'r ’.in:; 
to  the  classification,  the  met.icus  cf  calculation  ar.l  cc-  :-ri;-on  cf 
the  engines  of  'different  typas,  Txicsa  abssrvations  and  mat-rials  were 
used  for  the  work  above  the  ooox. 

During  the  writing  of  soma  chaptors  of  textbook  wera  useful  the 
observations  of  eng.  M.  V,  Ivaaov  and  Cand.  of  tech,  sciences  Ye.  A. 
Ivan'kova.  Great  assistance  the  author  they  showed/rendered  with 
accoa plishing  of  calculations  or  eng.  3.  T.  Volodin,  and  in  the 
formulation  of  the  figures  -  eng.  I.  I.  Ivanov.  By  all  to  them  the 
author  expresses  his  gratitude. 

The  author  with  the  apprsciatioi  will  take  critical  observations 
and  wishes  about  an  improvement  in  the  books  which  should  be  sent  to 
an  address:  Moscow,  B-€6,  Isc  iasaannyy  st., 

"Mashinostroyen?  ye". 


3,  publishing  house 


ROCKET  ENGINES  AND  ROCKET  APPARATUSES. 

Chaptar  1. 

GENERAL  INFORMATION  ABCUT  THE  iCCKET  ENGINES. 

S  1.1.  Reaction  forces.  General  concepts  about  jet  engines. 

Jet  engine  is  call€d  the  engine  which  creates  force  for 
displacing  the  apparatus  in  the  path  space  the  energy  ccnv<»rsicn  of 
its  own  or  external  source  into  the  itinatic  energy  cf  the  stream  of 
substance.  For  the  work  cf  jet  engine  can  be  used  both  the  substance 
placed  on  board  the  apparatus,  and  environment,  i.c.,  th»  medium  in 
which  works  the  engine.  The  stctan  of  the  substance,  which  escapes 
from  the  jet  engine,  is  cailad  exhaust  jet,  and  the  force  which 
appears  as  a  result  of  its  cutflow  -  riaction  force. 

The  parameters  and  the  state  of  aggregation  of  substance  before 
the  utilization  in  the  engina  (i.e.,  parent  substance)  and  in  >»xhaus 


Ona  of  tha  basic  ccmponencs  of  an/  jet  engir.a  is  chaiJibar/cain<=r?. ; 
in  its  initial  part  the  suostaace  is  saiftai  into  the  stat®  which  it 
must  have  into  exhaust  jet.  For  txamplj,  in  the  ssr ias/na nibar  of  jat 
engiaes  liquid  chemical  propaliaac  is  supplied  into  th® 
chamber /camera.  In  ini*ial  parr  of  which  {in  the  combustion  chamber) 
it  burns,  isolating  heat  and  forming  gaseous  products.  The  final  part 
of  the  chamber/camera,  caliad  aozzie,  serves  for  accelerating  the 
combustion  products. 

Page  6. 

The  jet  engines,  utilizad  at  present,  are  the  broad  class  of  th® 
engines  of  the  most  varied  dasignation/pur pose.  The  region  of  their 
use/a polication  constantly  is  expanded. 


For  the  creaticr  cf  reaction  force  they  are  necessary: 
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a)  substance  wbicn  in  tht  fncu  cf  exhaust  "j^t  is  thrown  cut 
from  the  engine;  the  substance  indicated  we  will  subsequently  call 
working  med iura/propell ant; 

b)  the  source  of  triaar/  energy,  <hich  is  ccnv-r'^ei  into  -h- 

c)  engine,  i.e.,  the  device,  which  ensures  the  conversion 
indicated , 

3y  working  medium/propeilant  or  its  composite/compound  component 
part  they  can  be; 

a)  the  gaseous  or  liquid  environment,  for  example  the  atmosphere 
of  the  Earth  and  other  planets  ct  watar; 

b)  the  substance,  placed  xz  tne  special  capacities  (tanks)  of 
apparatus  or  is  direct  in  the  angiae  chamber; 

c)  the  mixture  of  the  environment  (for  example,  air)  and  the 
substance  (for  example,  kerosene),  supplied  to  the  chamber/camera 
from  the  tank  of  the  apparatus  (this  substance  can  be  also  placed 
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'iira-r-t-ly  in  ♦■ho  chanib«»r/caffler>i)  . 

Primary  «?norgy  is  stocKed  on  ooari  tho  apparatus  in  any  source 
or  -is  acceptod  from  the  external  soucca  (for  example,  from  the  sun). 

To  th*  smallos*-  deyre-i  dapena  cn  ah;  -an  vircr. h  rr.*  i-.t 
opaines,  in  rfhich  is  wcrxir.  j  ta=  cody  and  the  ?cur~  -  cf  primary 
onorqv  they  ar^  placod  cn  taa  apparatus  itself.  Th--y  ar®  used 
extensively  on  the  flight  veairlfes,  called  rcckets;  therefore  such 
jet  engines  isolat*'  intc  the  saparat;  class  cf  rrek^'-t  anginas  (RD)  . 
Pocket  engine  is  ♦•h?  only  type  cf  ths  engine  which  car.  work  in  any 
gaseous  and  liquid  mediua,  and  also  in  the  vacuum  (vacuum) . 

As  a  result  of  the  outflow  or  exhaust  jet  from  the  rocket  engin 
the  mass  of  apparatus  in  the  majority  of  the  cases  rapidly  is 
changed.  Therefore  rocket- props  Ilea  ievice  is  the  body  of  variable 
mass. 


Rocket  engines  differ  significaatly  frcin  the  systems  which 
consist  of  engine  and  motor,  wnich  davalops  reaction  force.  Example 
is  the  system  "aviation  gas-tuccioe  engine^propeller",  in  which  the 
motor  (propeller) ,  given  by  engine#  accelerates  the  incident  by  it 
airflow,  as  a  result  of  which  is  created  the  reaction  force.  The 
processes,  which  occur  in  the  anyii.e  and  th"  motor,  and  also  th^; 


FACE 


i 

worklnj  m«diu m/propellants^  wnxch  talcs  plcCS  thrcugh  -th-’m,  tc  a 
considerable  degree  differ  frc^a  each  o'iher.  Therefore  this  system  is 
called  the  engine  of  indirect  reaction. 

Rocket  engines  are  united  into  tha  unit  strictly  engine  (for 
^xantole,  combus+ion  chamber)  and  mctor  (for  example,  r.czzla). 

Page  7. 

Reaction  force  5.s  created  as  a  result  of  increasing  motion  of  working 
mediiim/propellant,  moreover  is  workiag  the  bcdy,  which  takes  place 
through  the  engine' and  the  motor,  ona  and  the  same.  Therefore  rocket 
engines  are  called  alsc  the  engines  of  forward  reaction. 

5  1.2.  Basic  types  of  rocjcet  angines. 

Before  examining  the  classification  and  the  basic  parameters  of 
rccket  engines,  let  us  dismantie/stlact  the  simplest  diagrams  and  th? 
operating  principle  of  most  character istic  cnes  of  them.  Let  us 
introduce  the  concept  ahout  the  engine  installation  (DU),  which 
encompasses  the  source  cf  primacy  enarjy,  tank  with  the  working 
medium/prcpellant  and  engine. 


DO  with  the  liquid  prcpallatt  rocot  engine  (ZhRD)  .  As  the 


DO  Cl 
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worlcinj  nedinai/propoll ant  la  ZaSD  tost  frequently  are  usad  two  liquii 
specially  selected  substances:  cxiaizec  and  combust ibl®.  Oxidizer  and 
fuel,  intaracting  with  each  ot.ier,  call  chemical  fuel/propellant,  or 
it  is  simple  by  fuel/prcpellant.  oxiiizar  and  combustible  are 
propellant  components. 

With  th*  cours''  cf  tn«3  raacticn  cf  burning  in  th«^  combustion 
chamber  occurs  conversion  of  ocimaiy  (chemical)  en^^rgy  cf 
fuel/propellant  into  the  heat,  as  a  result  of  which  are  formed  the 
combustion  gases,  which  have  high  tsmparature.  The  acceleration  of 
combustion  products  in  the  nozzle  cf  caamber/camera  as  a  result  of 
the  conversion  of  their  heat  into  tha  Kinetic  energy  leads  to  the 
creation  of  reaction  force. 

Pig.  1,1  depicts  the  simplest  diajram  of  DU  with  ZhRD. 
Installation  consists  cf  chaaoer/catnsri  1,  fuel  tank  3,  of  oxidizer 
tank  6,  of  tank/balloon  with  compressed  gas  4  and  valves  2,  5  and  7. 
Compressed  gas  during  valve  opening  5  anters  from  the  tank/ballcon 
into  the  tanks,  as  a  result  of  which  the  pressure  in  them 
increases/grows.  During  valve  opening  2  and  7  fuel  and  oxidizer  begin 
to  enter  chamber/camera  and  in  it  begins  the  process  cf  burning. 

Solid-propellant  rocket  engine  (RDTT).  The  rocket  engine,  which 
works  on  the  solid  fuel,  also  relates  io  the  ch“m5.cal  engines,  solid 
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rhaniic-il  faeL/prop<illart  is  tha  licishaJ  aixtura  of  oxiliz^r  ar.  i  f'a'=>l 
which  In  the  fora  of  charja  is  placai  lirectly  ■*?.  tha  ccmbusticr 
chaabar.  If  tha  process  of  burainj  in  iDTT  has  sea®  diffarances  from 
the  process  of  burning  in  Zh8D,  takr.  t.ia  processes  of  expanding  •‘•ha 
ccBbustion  products  in  the  nozzles  of  auTT  and  Zh!?D  in  *any  resoe.cts 
are  analogous. 


Fig.  1.2  shows  th*"  siapiest  aiagria  of  PDTT.  It  ccr.sl.Ttj  rf 
housing  2,  n'ozzle  4,  sclid-propelifant  irain  3  and  igniter  1.  D'lrina 
the  suoolying  of  ccnmard/crew  co  the  igniter  occurs  the  ignition  of 
th«  solid-propellant  grain  waich  auras  from  the  surface  and  ar? 
foraed  the  products  ef  ccmbustica,  which  escape  behind  the  nozzle. 

dU  with  the  Nuclear  roexet  eagiae  (YaRD)  .  The  *ir.ergy  source  in 
the  nuclear  rocket  engines  are  the  reactions,  which  take  place  with  a 
change  in  the  nuclear  structure,  including  of  fission  reaction  of  the 
nuclei  of  substance  with  the  large  atoaic  nass  (for  exaaple,  the 
isotopes  of  uranium) ;  in  the  prccess  of  these  reactions  is  isolated  a 
large  quantity  of  heat. 

Page  3. 

Pig.  1.3  depicts  the  simplest  diagram  of  DO  with  YaRD. 
Installation  consists  cf  nuclear  reactor  1,  tank  3  with  the  working 


•net? iaa/prcpellant,  pump  5,  valve  4  and  turbine  2.  Wcrking  body  froa 
'^ank  is  ouaprd  iric  nuclaar  raectcr  in  vh5rh  is  placed  th® 
fissionable  natarial.  Flci^inj/occatrir.  j/lasting  through  the  reactor, 
working  body  vaporizes  and  is  aeaced  ta  the  high  temperatur®  by  the 
heat,  isolated  during  ♦ha  nuclaac  tission  of  fissionable  material. 

T**  e  laeeous  nr''’.’ir*s  of  the  vauccirat  i  >;•.  '  .'“Vinfr  oeilum/arcne-llan' 

®low  ou*  behind  th<^  notzle,  creac^ii-g  t/ir:-*. 

The  power,  necessary  roc  tne  work  of  nunp,  is  transmitted  ro  it 
through  the  shaft  frcm  tha  turoina.  In  turn,  for  th«  wrrk  of  turbine 
to  it  is  supplied  certain  guantity  cf  gaseous  products  of  the 
vaporization  of  working  aadiaa/ptopellant,  selected /taken  behind  the 
nozzle. 

Engines  examined  above  aave  tbs  ganeral/conaor./tctal  special 
featara/peculiarity ,  ccnsisting  ia  the  fact  that  in  them  primary 
(chemical  or  nuclear)  energy  is  convsrted  first  fntc  the  heat,  and 
then  into  the  kinetic  jet  energy,  Ihsrefore  ZhPD,  RDTT  and  TaRD 
relate  to  the  class  of  tfcernal  locket  angines. 

DO  with  the  electrical  cockec  engine  (ERD)  . 
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Pig.  1.1.  Simplest  diagcaa  of  OU  rfith  2hRD:  1  -  chanber/camera,  2,  5, 
7  -  raises;  3  -  fu«l  tank;  4  -  taak/ballcor.  with  cctprifssai  gas;  6  - 
oxidlz-sr  tank.  , 


Fig.  1.2.  Simplest  diagraa  ox  HOTT:  1  -  ignitsr;  2  -  housing;  3 
sol.l3-prop*»llant  grain:  4  -  nozzlw. 


Pig.  1.3.  Diagram  of  DO  with  YaBO;  1  -  nuclear  reactor;  2  -  turbine; 
3  -  tank  with  working  B€diUB/prcp.iilant;  4  -  valve;  5  -  pump. 
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Slactrirral  rocic'»t  ^r.gires  alztsz  oxqii  f  icartly  frsa  th<:  th-rcal  by 
th®  fact  that  for  iisp^rsing/acceitritinj  the  working 
aediu i/propellant  in  the  notor  electrical  RD  is  used  electrostatic  or 
®lectroBaqnet ic  field;  with  its  ii«lp  the  electrical  energy  is 
corvartid  into  the  kinetic  jet  an«igy.  Therefore  working  body 
electrical  RD  siust  possess  iu  axnaust  jit  '•h®  Fooc:f?c  al  =  ctrical 
orooerties. 


For  producing  the  electrical  enarjy,  utilited  for  acceleratiro 
th®  working  «®d ium/orrpellant ,  necessary  is  the  source  of  primary 
energy. 


Basic  units  of  DO  with  £80  ana  nuclear  source  cf  primary  energy 
(Pig.  1.4)  are  nuclear  power  plant  7,  tank  3  with  the  working 
medium/propellant,  device  5  for  tae  creation  of  electrically  charged 
particles  and  device  6  fcr  taair  aispersal/acc®lere tier,  with  th®  aid 
of  electrostatic  or  electromagnetic  field  (motor) •  The  discharge 
velocity  of  working  mediua/ptopeliant  behind  the  nozzle  electrical  RD 
is  considerably  (by  an  erder)  *ct«B  than  in  thermal  cnes. 
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7icr.  1.4,  Th«  s-’.mplost  did'^rda  cl  h’J  with  ERD:  1  -  *^r</bdllccr  wi*h 
com pr^ss-ad  qas;  2,  4  -  valves;  ?  -  "zar.k  wi^h  th''  vorkinq 
!»“dJ'iB/prop«»llant;  S  -  device  ccr  th?  creakier,  cf  ^lactrically 
charged  particles;  6  -  accelatatiiy  1 avice  of  electrically  charged 
particles  (eotor)  ;  7  -  nuclear  power  plant. 

S  1.3.  Rocket  engine  thrust. 

Thrust  of  RD  -  this  is  pha  torca  4ith  which  the  engine  acts  on 
rocket  apparatus,  causing  its  iisplacei9nt/aicven«nt  in  the  space,  or 
to  the  stand  on  which  is  astaoiisaed/installed  the  engine. 

Rocket  engine  thrust  in  tac  vacuun.  Let  us  first  exaaine  the 
case  of  the  work  cf  engine  in  the  wacuu»  (out  of  the  limits  of  the 
atmosphere  of  the  Earth  and  otoer  planets) .  Such  conditions  are 
characteristic  for  RD  cf  space  veaiclas  (LA)  and  many  rockets. 
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Concept  "vacinim''  can  ba  with  ucpor  bcrdar  cf 

atmosphara,  nan^ly,  it  is  possicla  to  consider  that  with  an  increase 
in  altitude  of  flight  of  LA  cho  piassuro  cf  the  atmosphere  becomes 
equal  to  zero  when  aerodynamic  resisting  forces  are  decreased  to  the 
neqliqible  wal'ies. 


Let  us  examine  th®  darivawion  of  tne  formula  of  thrust  in  the 
vacuum  based  on  the  exampla  of  rocket  aoparatus  with  ZhRD  (Fig,  1.5). 
Thrust  in  the  vacuum  let  us  designat;  P^.  In  order  to  simplify  the 
derivation  of  the  formula  of  tnrust  8D,  let  us  accept  the  following 
assumptions, 

1,  Flow  of  gas  during  motion  alcng  cha mber/camsra 
unidimensional,  i,e,,  gas  moves  in  parallel  to  axis/axle  of 
chamber/camera,  moreover  in  each  cross  section  of  chamber/camera  gas 
velocity  with  respect  to  entire  cross  section  is  identical.  Actually 
aas  velocity  over  the  cross  section  is  not  strictly  identical  and, 
furthermore,  gas  in  the  nozzle  moves  not  only  in  the  axial,  but 
partly,  due  to  the  complex  nozzle  ccn figuration ,  and  in  the  radial 
direction  (Fig.  1,6), 
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2.  Plow  of  gas  in  Cham oar/camfera  bairg  steady  (stationary)  , 
oarawet^rs  of  gas  in  aacn  oz  its  cress  sections  do  net  chang"* 

in  the  course  of  time. 

3.  Vegligible  by  sjeed  of  aionzcn  of  liquid  propellant  in  ‘‘an’< 

^  -  alona  its  axis/axle  (spsed  inuicatal  is  lew). 

Lat  us  accept  the  diracricn,  opposite  to  the  direction  of  the 
motion  of  gas,  for  the  fcsitiva.  Let  us  axamino  the  forces,  which 
effect  or  the  part  of  the  gas  flow,  which  is  located  within  the 
chaober/canera.  Such  forces  two  Irig.  1.7): 

a)  the  force  of  solid  caaaber  walls.  This  force  is  ejual  in 
maanitud®  to  the  interesting  us  reaction  force  of  p  and  is  opposite 
to  it  in  the  direction,  i.e,,  it  is  equal  to  -P; 

b)  the  force  of  gas  flow,  which  is  located  beyond  nozzle  exit 
section  (this  cross  section  is  called  alsc  nozzle  edge) .  The 
parameters,  which  relate  to  oozzie  exit  section,  we  will  designate  by 
index  *c”: 


Pc  ~  gas  pressure  in  nozzle  exit  section: 
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fr  ~  nrzzle  3x.\^  ar«?a; 

U'e  -  gas  velocity  in  the  cross  section  indicated,  etc. 

7h»  force  in  qn«sticn  is  agual  to  jrcdnct  fcP^:  i*  is 
to  the  side,  ooposite  tc  the  direction  of  the  metier  cf  gas. 

During  the  design  c£  the  forces  axamined  to  the  longitudinal 
axis  of  chamber /camera  tie  ootain  composite  fcrc<a  Pi,  effecting  on  the 
gas  flow,  flowing  on  the  chamber/cams ca, 

Pi=-P4-/cPc.  (I.l) 

Let  os  introduce  the  followiay  d asignati ens: 

1)  -  initial  mass  of  flight  vehicle  (to  the  start  cf 
engine  and  of  the  start  cf  apparatus)  ; 

2)  7»koh  -  the  finite  mass  of  apparatus  (after  engina  cutoff)  . 
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Fiq.  I.'i.  To  conclusion/der  ivdc lOQ  of  equation  of  rocket  enaine 
thrust  (based  on  exaople  cf  rccicor  apparatus  with  ZhRD)  . 

Kay:  (1),  Positive  direction. 

Fig.  1,6,  Arrar gement  of  gas  j»3ts,  which  cscape/ensue  from  nozzle:  AW 
-  spaed  loss  to  nonparallalisa  of  gas  jet  cf  axis/axle  cf  nozzle. 

Fio.  1.7.  Forces,  which  effect  on  flow  of  gas,  which  is  located 
within  chamber/camara. 

Pag®  11. 

Value  =  mHOB  is  equal  to  the  mass  of  fuel/propallant  or 
reaction  products,  spent  by  engine  for  the  tine  of  its  work. 
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A  change  in  *he  nir.Tenzaia  jc  oiofs  A'i  equally  (let  us  consider  th<? 
s<3nsa  of  th?  vector  cf  spaed  ITs  dr.d 

Am[(-W%)-(-WV] 

or  (tt'',  — 

According  ■^o  tr.<=^craai  or  -:>_riT:ua  rh*^  nov'^r  impulse,  which  aroso 
^or  the  ♦‘ime  hr  as  a  result  jz  tas  ascalera  tier,  of  the  rejected  mass, 
is  equal  to  a  change  in  tna  ^uantit.'/  of  its  metion. 

Consequently, 

PiAT=-Am(r,-rj. 

Taking  into  account  assuaptaor.  ITe^O,  we  obtain 

p,  =  -— vr, 

it 

or  taking  into  account  equatica  (1.1) 

-P-^/ePe - 

ppnee  p=^\r,+/./^c. 

For  the  case  of  werk  of  aj  ia  vacuum  P-Pn-  Therefore 
P,~W,+/,p,. 

With  the  work  of  engine  oa  invariable  mode 


im 

At 


m= const. 
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wher?  m  -  mass  ^  flow  rato  for  flme  urrt  (1  s)  , 

F00T5J0TK  *.  In  th«  tsxtfccoJta  aad  other  technical  bcclis,  created 
without  takinq  •’nto  account  the  s^fctam  of  SI,  frequently  is  used  the 
w®Tqht  flow  rate  per  second,  laoieover  it  they  designate  by  letter  0. 
In  -t-h  ov erwhslming  rajcrity  of  tnt  casas  it  is  more  conver.i=nt 
instead  of  the  weight  cnas  to  usa  th?  mass  paramet-rs  as  a  result  of 
-simpl?  f  ication  in  eguaticns  and  indeperder  c«»  cf  mass  from  the  forces 
of  qravitational  fields,  iiNDFOJTNOTE, 

Consequently,  rocket  engiae  thrust  in  the  vacuum 

Pa=rhWc+fcPc-  n.2) 


Page  12, 

For  the  series/nuinter  of  caioulations  it  is  conveni.ent  to 

express  thrust  in  the  vacuum  more  simply: 

=  11.3' 

where  -  effective  escape  vaiocity.  Value  l^Vu  can  be  detiArmined, 

after  substituting  expression  (1.3)  into  equality  (1.2) 

Hence 

m 

On®  should  enphasize  that  thrust  it  th?  vacuum  -  this  purely  reaction 
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forco ;  it  is  actual  thrust  characteristics  of  PD,  since  it  is  wholly 
'iat'='rininP(^  by  the  prcc^'sses,  waica  cccur  i  rtra-chan ber/intra-canera 
and  leading  to  ar.  increase  in  zb^  QiOa<»ntuni  of  working 
medium/propellant.  The  thrust  of  tternial  rocket  engines  in  the  vacuum 
is  expressed  also  by  the  eguaticn 


^  pPk/ ttf>  I  1.5) 

vhor=  /Cp  -  thrus+'  coefticiett  iii  the  vacuum,  which  shews,  in  how 
oft«n  thrust  in  th*  vacuum  cf  mcr  s  than  product  Pk/kp,  i.  , 


/rp=- 


(1.6) 


wher»  Pk  ”  gas  pressure  in  tha  combustion  chamber  (it  is  mors 
accurate,  at  the  no:!2le  entry); 


/kp  -  area  of  the  critical  (smallest)  cross  section  of  nozzle. 


Thrust  coefficient  ia  tna  vacuum  -  dimensicnless  quantity,  which 
depends  on  the  characteristics  cf  nozzle.  Value  Kp  increases/urows 
wi*:h  an  increase  of  the  ratio  of  oressure  in  th®  cress  section  at  the 
nozzle  entry  and  in  nozzle  exit  section,  and  also  with  the  decrease 
of  losses  in  the  nozzle.  Usually  /Cp=“1,2-h2,2. 

Pocket  engine  thrust  when  aaoxent  pressure  is  present,.  Let  us 
determine  value  and  direction  of  tna  force,  which  affects  on  the 
engine  from  the  side  of  the  envirenment. 


^  -ry 

ch anb<»r /camera  Is  ?aual  ana  it  is  oqaal  tc  ths  prsssurc  cf  tha 
undisturbed  environment.  Per  exaifl^ie,  for  the  “nainc/  which  works  in 
the  atmosphere  of  the  Earth,  tae  ^Jcessure  indicated  is  uniquely 
determjned  by  height/altitude  h  aaova  its  surface,  and  for  the 
“ngine,  which  works  in  the  watar,  uy  submersicn  depth  of  apparatus. 

Pressure  at  height/altituds  h  let  us  designate  Pf,.  and  the 
thrust  which  d«voloos  FD  at  hei gnt/altit uc  =  h,  through  Ph. 

Let  us  inci  d-’r-^ally  ncta  cnac  dirir  g  he  mc'-icr.  of  rocket 
aooaratus  i.n  th®  atmosphere  of  taa  Eartr.  cr  another  planet  on  <'he 
heusina  cf  apparatus  acts  tha  a axoayn amic  drag,  which  brakes  th® 
motion  of  apparatus. 

Let  us  determine  resultant  force  of  pressure  on  the  extarnal 
surface  of  chamber  walls. 

The  resultant  force  cf  tha  evenly  distributed  ambient  pressure 
on  any  closed  vessel  is  equal  tc  aero. 
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open  exit  section  w5.th  an  araa  ci  ’  Therefore  the  equilibriua  of 
forces  of  ambient  pressure  is  disturbed:  appears  the  force,  equal  to 
the  nroduct  of  area  fc  to  tae  amoient  pressure  P>>-  Let  us  iesiqnate 
the  force  indicated,  caused  o/  tna  pcasence  of  the  barometric 
rr-psure  of  *-h-'  a*- ^  :  e  ,  Pfap^. 


Consequently, 

^4to  h  —  Phf  e*  (1.71 

As  it  is  not  d'*fficult  to  from  Fig.  1,8,  force  Psaph  is 

directed  to  the  side,  cpfosite  to  the  sense  of  the  vector  of  reaction 
force.  Therefore  taking  into  account  equality  (1.7)  thrust  at  the 
arbitrary  hei  ght/alt-i  t ude  h 

P>,=>P.-P^/,  (1.8) 

cr  taking  into  account  equation  (1.2) 

P^^mW,+fAP,-Pi,)’  (1.9) 

Consequently,  rccket  engine  tnrust  in  any  mcde  of  its  operation 
which  is  characterized  by  constant  flow  rate/ccnsumption  of  the 
working  mediuB/propellant  a,  it  taK.e3  the  different  values  with  a 
change  in  pressure  i.e,  flignt  altitude  of  vehicle. 


Equation  (1.8)  expresses  tbw  thrust  of  any  rocket  engine  with 
its  work  at  the  arbitrary  heignt/aititude.  The  thrust  indicated  does 
rot  deoend  on  the  flioht  speed  or  vehicle  and  with  an  increase  in  \ 
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al^ittid®,  i.*.,  with  the  dacrsdse  of  prsssut?  Ph.  *-o  a  certain 
extent  increases/grows,  what  io  tna  advantage  of  rocltet  «njinas  in 
compar^sen  with  tha  engines,  wnich  use  as  th®  werK^ng 

media m/propel lant  the  envirenaent. 

Effective  discharce  velocity  at  th®  arbi*rary  h*./al i  i o 

is  equal  to 

(1.10' 

fft 

or  taking  into  account  (1.3)  and  (l.d) 

tfl 

It  was  above  indicated  that  iaportant  rockat-actor 
characteristics  is  th®  thrust  iO  vacuum  Per  the  engines  of  tha 
flight  vehicles  which  are  started  irom  the  Barth  either  froa  the 
surface  ships,  high  value  has  also  thrust  at  the  level  cf  sea,  or 
♦hrust  in  Barth  Pi- 
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t  '  1  !  1  • 

— 

"oapt  1 — 

L. 

rr^)  ‘  •  j 

Fii^,  1,8.  D?.a'3ra:ns/cur v<;s  of  ta-a  fcrc'»5  cf  cr<?ssur'*  cf  fh"! 

<?nviror.nen+  (atmosph^r ®)  ca  zh^  external  surfac=  of  the  walle  o: 
cylindrical  container  with  tae  cpaning/aperture  with  an  araa  of 
in  one  bottom. 

Page  14. 

If  we  designate  the  pressure  of  the  atmosphere  at  the  level  of 
sea  Pj,  then  in  accordance  witn  e-juation  (1,8)  thrust  at  the  l“vel  of 
sea 

P  3  — Pa  —  Psf  c  (112) 

or  takfrg  into  account  ecuaticn  (1.2) 

P3=mWc+fc{Pc  —  Pz),  (1.13) 

l.e.,  due  to  the  presence  of  tae  pressure  of  the  atmosphere  thrust  at 
the  level  of  sea  is  not  the  actual  characteristic  strictly  of  engir s. 

Rocket  engines  are  characterized  not  only  by  thrust,  but  also  by 
power . 
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Most  important  power  roc  lest- actor  characteristics  is  the  power 
of  oxhaust  j*t.  This  is  net  power,  djractly  utilized  for  the  thrust 
apolication.  Por  the  case  of  worx  xn  the  vacuum  the  pewer  of  exhaust 


jet 


V  = 

* '  CTp,  n  — 


(1. 14) 


In  ary  emir.®  n^t  cc  :.r  roeposes  certain  part  of  the  source 
DOwer  of  primary  enerqy  AVr*.  usterminad  by  the  efficiency  of  engine 
h-  Therefore  for  any  rccuet  e.u  gme 

TV 

In  the  chemical  rocKet  engines  (Kh3D)  the  source  of  primary 
energy  is  the  fuel/orcpallant.  Iharefore  their  primary  power  is 
determined  by  the  consumpticn  of  fuel  m  and  by  chemical  energy 
of  that  containing  in  1  kg.  of  ruei/propellant ,  i.e.. 

For  the  work  o£  all  noncheaxcal  (nuclear,  solar  and  electrical) 
rocket  engines  on  board  the  vaaicls  necessary  is  the  source  c£ 
orimary  energy,  with  the  increase  of  the  necessary  power  coefficient 
of  exhaust  jet  of  such  engines  respectively  (taking  into  account  the 
efficiency  of  engine  h)  it  is  necessary  to  increase  the  source 
power  of  primary  energy.  Therefore  its  mass  and  dimensions  for  the 
creation  of  the  large  pewer  of  exnaust  jet  of  all  types  nonchemical 
HD,  sspecially  at  low  valuas  n,  oecemi  exaggerated,  which  makes  the 
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characteristics  worse  of  cocxet  vanicli  as  a  whcl*  and  \ 
corsiierabl®  a'»gr«'<»  lisits  ras  raa^ae  of  th«  utilized  thrusts  cf 
engines  indicated, 

6  1.4.  Specific  parameters  of  rccictt  eigines. 

'  :’'rst  important  par aaew  ars  cf  3D  includ®:  a)  specific 
impulse:  b)  the  specific  ex paniiture/consu mpticn  of  wcrlcing 
Riediu  m/crcpellant;  c)  the  specific  powar  of  exhaust  jet  and  d)  the 
specific  mass  of  engine. 

Page  15. 

Specific  impulse.  Is  dis-cinguishe i  mass  and  density  specific 
impulse. 


"lass  specific  impulse  /ya  is  called  the  impulse/tnomentuni/puls*a, 
oer  unit  cf  the  mass  (1  kg.)  of  working  aedium/propellant. 


•1.15) 


If  the  thrust  of  engine  P  xs  constant  daring  entire  operating 
time  of  engine  r,  then  the  ijipalse/monantum/pulse,  developed  with 


engine,  is  equal  to 


/=:Pt.  (1.16) 


Substituting  equality  (1.15)  in  ejuation  (1,16),  we  obtain 


(1.  17) 
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wher*  n  -  i^ass  flow  rate  per  siccne  of  wcrlcfr.g  :^'='iia?i/pro?’’ll  ir.t. 

FOOTNOTE  Equation  (1.17)  is  coavpn  i^sn tl y  uso  l  in  the-  theoretical 
analyses;  it  partly  explains  taa  u\,:lieat:on  cf  a  terir  "specific 
■•■hrtist"  (thrust,  whfch  fails  is  zac  2  x  nd  i  t  u  r  ~ /'~cr  su  sptic".  cf 
wor V:  rg  media n/propellant,  aiUii  co  1  E'JtFc:DT'lOTE. 

If  with  the  work  cf  anjia*  its  thrust  changes,  tk^n  car.  change 

also  specific  impulse;  in  this  case  is  used  th®  concept  "a veraqe/mear. 

specific  iapulse"  Aaci-  If  for  the  tins  of  testing  r  the  engine 

♦  hrust  changes  according  to  chs  law  of  P=f  (r)  (Pig.  1.9),  then  the 

value  of  area  under  curve  P*c(r),  numerical  equal  tc  the  value  of 

integral  {^dr,  is  total  jst  firing;  let  us  designate  it  /: .  Th^n 
d 

where  Am  -  total  quan^’ity  or  worning  sad j  um/propallant,  spent  by 
engine  fer  the  operating  tima. 

As  can  be  seen  frem  Pig.  1.9,  value  can  be  written  in  the 
form  of  the  equation 

where  Pcj>  -  mean-integral  thrust  value  for  production  time  of 
engine. 


« 


Ficr.  1.'^.  The  hraph  of  d  caa.ije  in  the  thrunt  of  ’'J  in  ti.ne  ?='(r^  :  t 
-  total  operating  *■.' -n®  cf  i<D;  r*  -  roaant  of  s'^paraticn  of  rccxrt 
frcin  th**  la'inch.ar;  r**  -  aoaidnc  ct  supdlyin  j  connan  i!/cr -w  to  th? 
dfsco nr.ectf cn  of  90. 

Page  16, 

In  accorlanc*  with  cguacion  (1.17)  the  specific  impulse  of  90 
deoer-'ls  on  ambient  pressure,  since  it  influences  thrust.  Therefore  in 
the  most  general  case  specific  impulse  it  is  necessary  to  iesigna*"? 

/y3  ?i.  by  underscoring  thereby  ixs  aepanience  cr.  height/altitude  h,  sc 
that  equation  (1.17)  acquires  the  tcllowing  fcrm; 

(1.18) 

fn 

or  talcing  into  account  equatica  (1.7) 

+  (1.19) 

On  the  basis  of  equations  (1.10)  aad  (1.18) 

(1.20) 

The  greatest  specific  impulse  of  3D  is  developed  with  its  wor)c 
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ir.  *h<»  7?cu'i!!i.  Sr-cific  ini-ais-i  ii;  vicuia  Aa.n  is  the  Jiost  i-nport-int 
parameter  of  RD)  ch  aracterizin  j  tn®  5  f  f  ict  i  veness  of  the  appli«'J 
work’ p.g  modium/oropellant  anJ  che  perfaotion  of  th« 
cons+- ruct ioR/iesign  of  engine. 


Ta  < '  no 


■'':rr  -Jiiiiiar.s  (l.li),  ( 1  .  1  “>)  ari  sc=-cif:r 

"  ard  it  t.)€  i*sv?l  or  sea 


ll"  Pcf  c  _  .y/ 

y»n  —  •’C'  _  —  ‘'»D* 

m 


/  >  /c  (Pc  ^  Pi) wjf 

'  y4.J  ^ 

n% 


(1.21) 


(1.23) 


Although  the  value  cf  specific  iapulse  at  the  level  of  sea  is 
not  the  actual  characteristic  strictly  of  engine,  it  they  use 
oxtons5v«ly,  whJch  is  ejpldiaei  by  ♦•ne  following  r»asons. 


1,  Many  ®r.gines  operate  (wcrx  cut)  under  terrestrial  conditions, 
i.e,,  at  pressure  pj. 


2.  Specific  iapulse  at  tha  level  of  sea  can  be  designed 
according  to  results  of  benca  rest  cf  sngins  cn  level  (1.23).  Thrust 
level  jD,  and  the  aass  flow  cate  or  ths  worliing  mcd  iuB/propellant  m 
can  be  measured  In  the  process  cf  oench  test  cf  engine  with  the 
sufficiently  low  error. 


* 
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1.  Conduc+ipq  t«st£  cf  injicas  or.  »ar*- h/grTMi'i  wh®r.  p.-«-0,  i.  ■». 
wi*h  saffiguar'^  of  vacuun  around  engine  chamber,  is  v^ry 
hi  rc  (^/hamp^r^d. 

I". 


Thprsfore  specific  impulse  in  the  vacuum  is  ietsrmined  via 
con vers.’cn,  us'rg  as  the  initial  value  a  specific  impulse  at  the 
layel  of  sea,  iesignsd  according  to  th=  results  of  bench  test  of 
engine. 


The  d-lmensicn  of  specific  impulse  can  be  ieterminad  from 
eq'tat  ion  (1, 1  B)  : 


Key:  (1) 


kg/s. 


(2)  . 


.  i£i  _  ("I  ^  r  iifii.  1 

l«l  e«>fl 
N  •£,  (  j>  ,  kg. 


In  the  system  '1KGSS  the  force  and  mass  flew  rate  have  a 
dimension  kgf  and  kg/s  ». 


POOTHOTE  *.  Her“  and  subsequently  as  tha  unit  of  mass  in  the  old 
system  of  unity  we  select  Kilcgraa  (kg),  but  not  kg«s*/m  (the  derived 
unit  of  mass  in  th®  system  SKGjS)  ,  ENDFOOTNOTE. 


noc 
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Th^r'rfore  thp  di  m^ns^  o  r  cf  3'jsc:.zlc  :rpals“  in  ihi?  sypt^a 

[P]  0')[Kr]  (tt  Kr-eeK  1 

[mj  41(k2  eeic\  kz  j 

Kay:  (1).  kgf.  (2).  kg/s,  (Ji  .  xy*fc.  (4).  kg. 


However,  in  +•.}!»  technical  literature  frequently  is  use:  another 
d.i'nensior.  -  s,  which  ’=  valid  only  fnr  the  weight  srecifir  =t 
firing,  whi.ch  works  at  the  level  cx  sea, 

/ 

t/ 

i.o.  for  the  thrust,  per  tanit  of  weight  flow  rate  per  second  of  th^ 
working  fflediura/propeHart  G, 

I  ya  ’1  (OJ  I^i^rceK]  ^  ^ 

Key:  (1),  kgf.  (2).  kgf/s,  (3),  s. 


The  expression  of  specific  impulse  at  the  arbitrary  height/altitu do 
and  those  in  th®  vacuum  in  the  seconds  is  artificial,  con vor.t icr.al 
method,  since  in  this  case,  for  example,  th®  thrust  in  the  vacuum, 
exoressed  in  the  kilograms  of  force  (kgf)/  is  carried  to  the  flow 
rate  per  second  of  working  medium/propellant,  expressed  in  the  units 
of  weight  on  the  Earth. 


The  value  of  specific  impulse  substantially  affects  the  ^ 

» 

expen diture/ccnsumcticn  of  the  working  aei ium/propellant  m,  necessary 


PAGE  J4 


for  the  creation  of  the  prescriCcd/asai  j  i.  =  !  thrust.  Frca  aquatior. 
(1.1S)  it  follows  that  wito  cna  incraasa  of  specific  iapulso  value  o 
for  the  creation  of  one  ana  tha  same  thrust  is  iecreasei. 


Density  soeci^ic  iapulsa  xs  callea  the  inpuls^/mcman  tum/puls<=' , 
which  falls  oer  unit  vcluae  (1  .t^)  of  t.ue  ■vor'<ir'.o  x  ='i :  /or  c  u  * 


I  =-i— 

yl  o6  y 

or  it  :s  analoaous  wi'-h  epuaticn  (1.  13) 

i,’ 

wher?  V  -  volumetric  flew  rate  par  saccad  of  working 
medium/orcpellant  in  tie  m^/s. 
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On  the  basis  of  equation  dimension  -v;.  in  the  system 


of  ST 


r/  \Ph\  (>i]  H  CCK  1 

yt.oi  >t  J  '2r){^3  f»K|  L  ^  I 


’Key:  (1).  m^/s.  (2),  N*s. 


and  in  the  system  ?1KGSS  * 

,,  ,  if*!  Kr-CBK  1 

[  yj.06Al=  L  ]  ‘ 

Key:  (1),  kgf.  (2).  V/s .  (3).  Kg»s. 


one 
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='OOTN  TT'-'  *.  sutssq  atntly  uS  th  i  vclun^  ur.it  :  r.  thr  ^3'T-ns’  cr. 

of  SD<?rific  volum®  iifculsR  in  tne  eld  system  cf  unity  we  select  liter 
(L)  ,  but  not  (volume  unix  in  xhe  sysxan  MKGSS)  .  ENDFCOTN'OTE. 

Density  specific  lapuise  is  connected  with  * h®  mass  specific 
iroul'"  ■.•i*-.'-,  th-^  following  re  1-iticLship/ratic: 

wh=»r^  -  density  cf  wor  icing  meaiu  a/prooeliant  (fuel/oropellant) 

in  Vg/o3. 

Specific  expenditure/censumption  pf  woricinq  aedium/pcopellant. 
The  specific  expenditute/consua ption  of  working  medium/pcopellant  is 
callad  the  quantity  of  working  nadium/propellant ,  expended  by  rocket 
engine  in  1  s  on  1  n  [  1  kgf  ]  of  tne  developed  with  it  thrust, 

Cy.A  =  ^.  (1.27) 

As  can  be  seen  from  the  comparison  cf  equations  (1.18)  and  (1.27), 
oarameters  Aaft  and  Cya*  are  inversely  proportional  values.  Therefore 
has  in  the  system  cf  SI  diaension  kg/(N»s),  and  in  the  system 
HKGSS  -  kg/(kq«s). 

The  specific  expenditure  of  rocket  engines  is  considerably  more 
than  in  the  engines,  which  use  as  the  working  mediu m/prop  ell ant  to 
only  the  substance,  placed  on  ocara  the  vehicle,  but  also  the 
environment. 
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Thfl  sp*»ci*ic  ^xpor.diture  or  tns  working  medium/propellant  of  jet 
engine  (7RD)  is  equal  tc  the  ratio  of  raa  fu>sl  consumption  rrtr  per 
second  to  thrust  The  air  tlcw  rate  through  VPD  many  times  exceeds 

fuel  consumption,  however,  since  air  is  taken  from  the  atmosohere,  it 
in  the  sneci^ic  axnor.di  turs  V3J  tat  y  do  not  include. 

Into  the  specific  expenditure  of  rocket  engines  enters  entire 
mass  of  the  rejected  working  madium/propellant,  since  increasingly 
working  body  is  located  on  the  vehicle  itself. 

Due  to  the  high  specific  axperditure  the  operating  time  of  many 
rocket  engines  is  compaiati valy  small:  it  dees  not  usually  exceed 
several  hundred  seconds. 


The  specific  power  cf  axhacst  jat.  The  specific  power  of  exhaust 
jet  is  called  the  power  cf  tha  streaa  of  working  medium/propellant, 
per  unit  of  the  reaction  force  cf  angina,  i.e.,  for  the  case  of  the 
work  of  engine  in  the  vacuum 


X 


N  '  =- 

^  CTp;yJ|  n 


CTp.n 


Pa 


(1.28) 
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The  specific  power  of  axhaast  jet  as  any  .'oecific  pow«r,  has  a 
dimension  of  w/M  in  the  system  cr  si  a.ii  kg^n/ts^kg)  in  th?  system 
MKGSS,  and  in  the  reduced  form  in  Lcch  sys^’‘'ais  -  %/s. 


Substituting  expressions  (1.3)  and  (1.14)  in  equation  (1.28),  we 


obtain 


A' 


IT-, 


cr^yi.n 


( 1. 29 


From  equations  (1,29)  and  (1,^0)  with  the  entire  obviousness  it 
follows  that  with  an  increase  in  values  w^.d  and  A-n 
increases/grows  the  newer  of  exhaust  jat,  which  falls  on  1  M  [1  kgf  ] 
of  reaction  force,  i.e.,  increase/grow  the  expf>nditures  of  pewe-r  for 
the  work  of  the  engine  cf  the  ?C6scribed/assi gnsd  thrust.  Value 
NcTvya-B  characterises  a  difference  in  all  types  of  RD  in  the 
relation  to  the  expenditures  of  power  and  *-cgsther  with  values 
and  /yfl.n  -  the  effectiveness  of  the  utilization  cf  engines  in  the 
flight  vehicle. 


Specific  mass  of  FC.  Spacifxc  miss  of  RD  is  called  the  mass  of 
engine  daring  its  work,  par  unit  tno  tarust,  developed  with  it  in  the 
vacuum,  i.e,,  if  we  designate  specific  mass  cf  RD  gam,  then 

(1-301 

where  m„  -  mass  of  engine  ducanj  ?ts  werk,  which  encompasses  not 


only  dry  mass,  but  alsc  the  mass  of  working  med ium/prcpeliant ,  which 
takes  place  with  the  werk  on  mains  and  assemblies  of  eniin®. 


one 
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In  propor-'’ior  tc  ■•rhe  conscructijn-an-jineerin  7  perfection  of  each 
tvD®  of  enqin«  ^  ts?  specific  aiass  atsoeads,  whjch  nakes  it  possible  tc 
increase  the  flying  range  of  rocKat  aiih  the  same  mass  cf  payloal  or 
to  increase  the  mass  of  tna  pa/loaa  of  rocket  with  the  sam^  distance 
cf  i^s  flight,  "h®  appreximats  vdiu-s  of  th=*  so-^-^if’c  mass  of 
diff=^rent  tyno'^  of  '’T  are  shown  ia’J’^bls  1.1  (see  0 

3  1,5.  other  parameters  of  rocket  enginas. 

Besides  the  thrus*  and  tha  specific  parameters,  rcckat  enoinc. 
characterize  following  data. 

1.  Type  of  working  neuiu ra/prot ei lanr.  Each  BD  they  design  for 
the  completely  specific  working  a,»aium/propellant,  utilize!  for 
creation  of  thrust,  moreover  frea  it  to  a  considerahle  degree  depend 
the  specific  parameters  of  engine  and  tne  effectiveness  of  its 
use/a pplication  in  the  rocket  vehicla- 

2.  Operating  time  cf  engine  r.  Usually  for  ZhBD  it  does  not 
exceed  1000  s,  but  for  EDIT  -  150  s.  Tha  anginas  of  seme  types  of 
rocket  veh.icles  must  be  included  repeated  or  multiple.  For  such 
engines  are  given  not  cnly  the  time  of  continuous  operation  upon  each 
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ir.'' i',is’.or,/^or.n''ctirr  and  the  nunujdx  3f  inclusicr.s/ccnntctions,  but 
also  the  required  or  petaissibie  time  interval  between  the 
inclusion s/connect icrs, 

Paoe  20. 

3.  Thrust  ranje.  Fcr  tha  accoinplishment  cf  the  objective  of 
rocket  vehicle  fregu*»ntly  appears  tha  need  in  a  change  in  the  thrust 
l=vel  of  its  ooarating  engine  relative  to  rated  thrust.  Nominal  is 
called  the  thrust  which  develops  the  engine  with  that  expenditur®  of 
working  medium/Dropellant,  for  whcni  is  designed  the  engine.  It  should 
be  noted  that  rated  thrust  of  hC  in  tha  Earth  and  in  the  vacuum  has 
different  values.  By  changing  tne  expenditure  of  working 
med^um/propellant  it  is  possible  tc  respectively  change  the  engine 
thrust  with  its  work  both  on  one  and  the  same  and  at  any 
height/altitude.  The  thrust  range  cf  RD  is  been  given  in  th® 
percantages  of  rated  thrust  (for  nxaapLe,  lO-IOOo/o)  or  by  the 
relation  (for  example,  10:1),  which  shows,  in  how  often  the  thrust 
level  of  engine  can  descend  in  comparison  with  its  nominal  value. 

4.  Pressure  of  gaseous  working  medium/propellant  or  gaseous 
reaction  products  prcpellant  components  at  nozzle  entry  and  at 
output/yield  from  it  (p^  and  into  bar  [kgf/ca*]). 
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Valu^  Pr  and  ncz^le  exit  section  is  preliminarily  axamined  in  ■'5 
1. 3.  Concept  "nozzle  ©xit  secticn"  for  the  different  types  of  rocket 
engines  has  its  value.  For  tae  ccaiuber  3/cameras  thermal  RD  nozzle 
exit  section  is  the  nozzle  euge^  i.e. ,  the  final  cross  section  of  its 
solid  walls,  after  which  gas  flow  rlows  out  intc  the  environment.  In 
this  cross  secticn  is  finished  tha  mecianical  reaction  cf  nas  flow 
and  nozzle  liners.  Mczzle  exit  section  electrical  3D  is  the  cress 
s-action  (or  surface),  aftor  which  ceasas  the  r'^acticr.  between 
electrostatic  or  elect rc magnetic  raeld  of  motor  and  flow  of  the 
working  raadiam/propellant,  wnich  ascapas  from  the  meter. 

Chamb«ir  of  thermal  ED  can  be  conditionally  divided  into  two 
parts.  In  its  Initial  part  to  the  working  medium/prcpellant  is 
suoplied  the  heat,  while  in  chemical  3J  occurs  the  chemical  reaction 
of  burning  or  decomposition  of  tuei/p repel lant .  This  part  of  the 
chamber/camera  is  the  chamber /camera  of  heating,  and  in  connection 
with  chemical  RD  -  by  ccmbusticc  cfaaabar  or  decomposition.  Here  in 
essence  is  finished  the  process  cr  heating  working  medium/propellant, 
and  for  chemical  RD  -  process  of  ourniag  or  dseem position  of 
fue 1/propellant. 

In  the  final  part  cf  the  chaater/camera,  which,  as  has  already 
been  indicated,  is  called  nozzle,  occurs  th*»  expansion  cf  the  gaseous 
products  of  heating  working  medium/pr opallant  or  chemical  reaction 
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Dro(^iic* .  Cross  secticr.  at  tha  SlCzzI-  oarry  rs  *•  h?*  cross  s^ctr-cr., 
which  iiviiles  thess  twc  parts. 

Chamber  of  electrical  2u  also  can  be  conditionally  divided  into 
two  parts.  In  the  initial  part  working  the  body  is  prepared  fcr  the 
subsequent  disoersal/acceiaraticn.  for  which  it  usually  vaporiz's,  is 
heated  and  is  ionized.  The  final  part  of  the  chaT.b^r/caiiera  is  the 
motor,  in  which  is  accctTplisnea/raalized  the  di  sp  ?r  sa  1/accele  ration 
of  electrically  charged  particles  cf  the  working  msdiura/pronellant . 

Page  21. 

The  parameters  cf  the  products  of  heating  working 
medium/propel la nt  or  chenical  reaction  product  at  the  nozzle  entry 
subs?qu«ntly  we  will  designate  by  index  k  {p,.  T^,  \\\  .and  so 

forth)  in  contrast  tc  the  parameters  at  th'*  nczzl  e  cutlet  which  ar*' 
designated,  as  has  already  been  liidicated,  by  index  s 
(Pc.  7'c.  Cc.  ^’’c  and  so  forth). 

5.  Total  impulse  of  thrust  Is  in  N*s  [kg*s]  or  in  kN*s  [T»sl. 

As  has  already  been  indicated,  toe  value  of  the  total  impulse  cf 
thrust  is  numerically  equal  to  area  under  graph  P®f  (r) .  In  zero  time 
(t=t' )  it  is  necessary  tc  select  the  moment/tcr que  cf  the  start  of 
the  vehicle  (see  Fig.  1,S). 
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6.  Itnpnls‘»/’nr'Ti‘»r'*;uir/culse  ct  ccr.ss  jienc®  Iw,-  in  'J«s  [kT»s]  or 
in  kM*srT»sl.  The  impu  Ise/acj^an  tuia/pu  Ise  of  ccr.se  is  call»i  f  h® 

imoulse/mcraentum/piilsq ,  devaiopca  sngir.s  afrar  th^  delivsrv  of 

th 3  comaanl  to  its  inc lu5icn/ccnQ«c^ioi  r‘ '  {se®  Pig.  1.9).  dsuallv 
iurinq  *:><»  iasiTti  of  sr  tn€/  atteoi-*  to  iecraas'-  7=:k  I-..-  ? = 

esoecially  its  spread,  siaca  in  wQis  raaa  is  fscreasad  tha  scatter  of 
ths  velocity  of  vehicle  after  aayi.n''  catoff,  which  facilitates 
accomplishing  mission  ctjactiva. 

Thermal  type  nuclear,  solar  aad  flectrical  3D  additionally 
characterize  by  the  source  power  irerciver)  cf  primary  energy,  which 
Is  converted  into  the  heat  and  is  usad  for  heating  cf  working 
medium/propellant,  and  YaSD  -  also  by  type  cf  nuclear  f  lel/oropellant 
(for  example,  fissionable  material). 

S  1.6.  Classification  of  rocjiet  engines. 

By  the  final  goal  cf  all  processes,  which  take  place  in  the 
rocket  engines,  is  the  creation  or  the  greatest  kinetic  jet  energy  by 
accelerating  the  working  aediua/prcpellant  in  seme  manner  or  another. 

Rocket  engines  classify  according  to  the  type  cf  their  primary 
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er^ny  to  thp  chemical,  naclear,  solar  and  elec^.rical,  and  also 
siaam-aas  (Fig.  1.10), 

Chemical  energy  possess,  as  nas  already  been  indicated,  the 
substances  which  can  enter  into  tae  ahamical  reactions,  which  take 
t^-p  liberaticn  of  haat  and  the  formation  of  gaseous 
:-r  i  licts.  As  a  result  ct  cneaicai  reactions  car.  ha  formed  also  the 
orod'icts  in  the  liquid  cr  soiid  state,  what  is  usually  undesirable. 

The  examples  of  such  chamicai  reactions  are  the  reaction  of  th® 
reaction  of  oxygen  (cxidizer)  ana  hyirayen  (fuel)  -  the  reaction  of 
oxidation  or  burning 

and  the  decomposition  reaction  or  peroxide  of  hydrogen 

O.. 

.  4  »  2  * 
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Chemical  rocket  engines  ace  the  only  type  of  familiar  RD  whose 
working  medium/pcopellants  (propeiiant  components)  are  simultaneously 
the  source  of  heat  and  mass  of  the  rsjacted  substance,  which  in  this 
case  are  the  reaction  picduccs  cr  the  reaction  cf  propellant 
components. 
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The  initial  components  of  ca^cifrai  f uel/prcpellar.t  con  bo 
liquid,  solid,  caseous,  gal-liK*  and  fluidized  [23].  In  chemical  RD 
can  be  used  one,  two  are  consiJeranly  less  frequent  than  three 
propellant  components,  their  initial  state  of  aggregation  can  be  on® 
and  the  same  or  different. 

Th^  rock-t  engines  of  nybria  iub l/prcpell?,nt  (?DGT)  work  en  the 
nropel’ant  comoon^nts,  which  have  aiffarent  initial  state  of 
aggregation.  In  RDGT  it  is  possioit  to  use  a  solid-liquid,  liquid- 
gas  and  solid -gas  f uel/propeliaat.  However,  in  essence  at  present  are 
developed  DO  with  RDGT  cn  the  ayocid  propellant  (Fig.  1.11). 
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Ir  '■he  chambpr/^anera  ct  suca  SJui  piaj?  the  char7=“  of  soli! 

CT1  p")  r  ^  "i th<=  p  r  or®  1 1  a  - 1  £  {i3  ^sd±^\j  it  ;  a.tot-.er  (ii'ii:; 

cotipop^at  is  sunnliei  irtj  tn».  cn  an.  ri  r  '  t  a:n  r  a  fret  ♦■r.-  i~<  ’ii"-.  *•■'-• 
aiJ  of  the  sn^o'al  syszon. 

The  steam-qas  9D  (Fij.  1 .  1 2j  week  on  •►he  cell  cr  hot 
hiqh-pr'=^ssur“  (vapor)  qas,  praviojial-y  stor^'l  'ap  in  th<;  special 
tatk/balloon  or  th<’  ch  aat^r/caaeca.  Ir.  thes®  enqinos  primary  ar.erqy 
is  the  enerqy  of  thermal  aqitatioa  and  ?of»ntial  anerqy  of  compressed 
oas.  For  the  thrust  application  in  aas  ?.D  i*  is  r.acassary  to  cr.lv 
driv-*  away  gas,  i.».,  in  rhea  cle  primary  energy  i-idicate-l  is 
nnvart^d  directly  (wi*acjr  the  xater me dia ►  a  forms  of  e-ergy  is  ir. 
all  oth  er  thermal,  and  also  alactrical  RD)  into  the  kinetic  -j  ?t 
er.''rqv.  Therefore  gas  FC  nave  sia^ile  construction/ Jesiqn. 

For  the  -work  of  SPC  (soxar  rockat  engines),  ESC  and  YaRD  on 
boar!  the  rocket  vehicle  necessary  to  nave  net  only  stored  up  working 
lediua/propellant,  but  also  tna  source  cf  piisary  energy  or  the 
concentrator  of  ex'^.ornal  energy. 
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Solar  energy  -  is  erergy  or  %lsct rc (ragrTtic  raiiaticn  of  tho 
s'lr. ;  ?  .rf  is  n^ssibl®  tc  use  fcr  heading  of  working 
nia'i i’im/prop®T lant,  for  example,  via  tha  focusing  of  solar  rays/bea.-ns 
on  any  absorber  of  hoaf  througn  waicn  it  f lows/cccurs/lasts. 


Into  coi"  positicr  ci  DU  wir.i  sclar  RD  (F:g.  1.13)  ant->r  tank  w’Ch 
rha  workin<i  m  iuin/nrcc<sllant ,  rnc  absorb‘=r  of  hear  -  h“at  axchang-r, 
r'^flactor  for  the  focusing  ci  scxar  cays/beams  or  the  absorber  ani 
chamber/camera. 


In  thermal  type  EFD  alactricai  ecargy  it  js  converted  in  the 
special  devices  into  tie  heat.  Such  devices  they  can  be; 


1)  the  ohmic  resistance  (resistor) which  with  the  course  of 
•  lectric  current  is  heated  to  -cn^i  h^gh  temperature  (Fig.  1.1^); 


2)  the  electric  arc,  whica  also  isolates  during  its  excitation 
heat  (Pig.  1.15), 


Fiq.  1.12.  Diagram  gas  BD:  1  -  raaK/balloor.  co ir prassei  gas;  2  - 

valvo;  3  -  nozzl'i. 


do:  = 


FAG£  H*f 


a  “  2 4 • 

■"lith  resnect  to  the  device^j  oc  2SD  of  thar:nal  typ<=-  in^’ica’-d 
^h-v  r'.ol3;.jr  a.;.:  “  1:  -  tr-: 

Jork'no  bt'!y  ts  >=-attd  oj  zr.^z  taac.,  iscla-;’.  ;v  r^r^i'tcr  ~r 
^!rctric  arc,  on*^  or  tna  ot.aer  iru  pa  rat  ur*? ,  af*=rr  which  haatir. 
nrc3'iot3  aro  accaltrat^'d/aisoairsea  fa  tr*::  tozzf  -  a.-d  flow  cit  fro- 
it,  oraa^.ing  thrust. 


Is  possible  “-hp  nso/applica-cior.  c:  ta^raal  ty?=  cf  ?.2D  with  th  = 
sxDlolfng  wirps  (ses  pg.  44). 

la  '■h®  “l^'-trical  rccuac  jr.gir.®;  cht  ^Irctrical  =n=rgy  is  usr  ; 
'"or  th®  creation  cf  ®l®ctricaliy  caargsi  uarticl®?  (ions,  ^r-- 
®l*ctrons)  ar.1  for  thoir  di3pacsai/arc3l.'or  atiot  with  th®  aid  cf 
oloctrostatic  or  ®l  =  ctron!agna-cic  iioid,  with  r®so«ct  to  this  9D 
indicatad  subdivid®  into  tae  eiect^csoaric  cn®s  and  tha 
olactromagrstic  or.os.  Mcruing  ocdy  of  (with  exception  of  tharTsal 

on®s)  must  possass  fn  ■‘•h«  meter  tno  slectrical  crop  =  rti®s. 


F?a.  1.13.  nia-Tran  of  ru  wi-cn  iriL:  1  -  aosorber  of  boa*:  -  h-'af 
"xcbicf’r;  2  -  r-- f  1  "ict  c  t ;  J  -  •cuiuir.?;  +  -  nczzl=^;  5  -  ci  r.fr  if  uqal 
oiino;  5  -  valv^:  7  -  *ank  wica  li>iu£3  worKing  rrr-i?.’’ s/zrcnollant. 

'=■'.'7.  I.lti.  Diaqrarti  of  DU  witu  rasio^-qr  r<D:  1  -  -1-cfric  oowor  scirca 
2  -  r  a  la  V -s  wiicb  ;  3  -  *-drx/ba  iicon  wita  cost,  pressed  t3s  ;  u,  ^  - 

7=1  v^s;  f  vi*-b  ligu::d  ^ozkxuC  uTaiiu.n/pron^^ll.Tn- ;  ^  -  rosistor 

{=  l-=-7  frlc  haat^r  in  ■'•h'=  form  of  oami~  resistance-)  ;  S  -  nozzle. 

?iq.  1.15.  Diagram  of  DU  v<ita  slfectrLo  arr  RD:  1  -  •* ank/ba  11  oon  winh 
ocmprasse-l  gas;  2,  4  -  val/as;  3  -  tinx  wi':!.  Irquil  working 
n^'dium/gropellart ;  s  -  rrla y-switca ;  6  -  ilsctric  pcw-r  source;  7  - 
insulator;  8  -  ca^-'noc!®;  9  -  anoat-oce  zl  a. 


nnc  =l|BBS3BB  ^ 

’’'1 7  e  25. 

Tn  tne  tio'-.HoI  o*'  lisoersin  j/acceieritin  j  tr®  worIciTo 

’  a  m/DroD«T  1»  o-^  SPC  in  princij^la  “nty  i;  ^f'^r  fron*  Ya'^D, 

S^D  in:’  aas  ’0,  in  w-’cn  wor/ci.i^-  ta-'  roly  accpl^ratfi  a'  a  r  -sult 

--  . 7--r?i'-r'.  of  zaarnicij.  i7:.cat’cr.  ar.'’  T.'r*-:- - -i  a  ^ 

=  ''  --•  -  -  r.“  r  Kir.iiic  ir.  =  :g/:  in  parn.'cnlir,  "/ni  hiqh 

values  of  ,=  n'c’-:c  ''rnanlso  or  tSD*  can  bti  ''r'anr**!  wf-^.Vc'it  of 

workinj  iin/nrcp'allant  to  one  men  co mp^raf  nr?. 


':='00'’'Y0?R  ».  Sno^eaiiertly  oy  cae  eicctricai  rock?t  engine  (ERD),  if 
ar«  ab3?p.^  .spac’al  stipulations^  arc  uadarstood  all  types  of  E?D, 
“xc'-pt  thoraal  onas,  Theraai  t/pt  of  ERD  call  also  the  el  ^ct rcth.arwal 
rock?t  engines  (ETnn)  filj.  ENDFcoxndte, 

r^’ ?  ?  f  f  ect  iven.'^ss  cf  apparatus  wic.n  any  type  rf  ero  *:c  a 
cor  si  i  nr  a  bl  e  degree  d'*cerds  on  tht  characteristics  cf  th®  scarce  cf 
electrical  energy.  It  nust  possess  larjs  specific  output  pov#er,  i.e,, 
with  the  large  electrical  power,  pcoiuc=d  by  source  per  unit  mass 
and  volume. 

The  major  advantages  of  BRD  are  high  discharge  velocity  WV,  and, 
cor ee qu ant ly,  large  specific  impulse.  3ut  ERD  just  like  SRD,  it  is 

for  ootiining  r.  ha  high  thrusts  duo  ro  necescr^ry 


inexoeiient  to  create 


pn? 
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ir.  "Tls  ca=;==  pow^r  '.r.cr^-ase  of  zi.c  source  rf  l-rrfr :.cal  p-rrqy  (or 
r?':=‘'.v<»r  of  sxfarr.sl  snar  jy )  aua ,  cop.ss  qu<^  ly ,  alsc  its  aass  iiu 
t-i  ■»  values,  ro-^  aim  r  trad  froffi  x.i.~  point  rf  v:~v  of  *h- 
characteristics  rcckst  apparatus  as  a  whol?. 


'Jis^ssarv  s’'eri*'c  primary  pow^r  of  OH  wi-H  r'^D  is  -’■^t-rmi 


accoriir.T  to  th®  oniaticn 


nr 

M  ‘p*.  yi““  ^ 

2ll.cKn3y 


whers  ^ycK—  t'ffiriency  cf  the  accei^^rator  (motor)  of  PRD;  Pay  — 
“fficioncy  cf  tho  source  of  elactrical  energy  (powtr  unit). 


If  the  efficiency  cf  acceiecatcr  aas  sufficiently  high  values 
(aDproximatsly/exemplarily  0.5-0. 6)  r  then  due  to  the  soecial  working 
conditions  in  outer  space  the  efficiancy  the  source  of  electrical 
=»n«'rqy  i*  is  usually  lew  (appro xifflatsly/fexoniplari.ly  0,1-0. 2).  High 
valuos  U^sn  and  lew  values  %€«  givt  rlsa  to  the  large  r.ec=s3ary  sourc* 
power  of  electrical  energy  and  sourcs  of  primary  energy  of  rocket 
apparatus  with  ERD. 


As  a  resul*  of  the  large  specific  impulse  and  the  low  thrust  the 
exoep. dlture/consumption  of  working  madium/propellant  cf  ERD  is  vary 


low.  iherefore  the  time  cf  continuous  operation  of  ERD  can  be  very 
lana  (of  np  to  several  years). 


r.a.s  ci  n 


Pkd] 


A  V 


I",  rh*  r.'icl=>»r  rcrxct  '^nji.r.cs  ci  n  oc  'iz- 
radi'>a3‘-.iv‘^  d-rav,  division  am  naclaar  fnsir’i  sr-riil  snb';*::-!?. r: 
ard  also  annihilation. 


Daroirnesiti  ^n/d«^cay  or  raaioiscc OjJss^  which  takf^s  olacp; 
srin  r  -  an  ^‘ousl  V  ,  is  ■^.  h=  sc  urea  of  noa*".  ^0,  *n  which  Is  ns’i  *•  "  -  ‘-^r '-r 
cf  raii'^ac'^ivp  i^cav,  are  Cd..ied  radi  oiaoc  o  po  . 

Pag?  25. 

Th?  nuclaar  fissjen  of  xissaotaDla  ma^  “rials  occurs  ’ir.i'»r 
conditions,  artificially  cceatad  in  tba  fissicn-typ®  nuclear 
reactors,  in  which  arr  used  tho  sut-srancss  with  ■^h«  largs  atcra-c 
mass.  HD  with  *he  fission-type  nuclear  rsacter  frequently  call 
simply  nuclear. 

Nuclear  mass  during  the  raaioactive  aecay  md  ‘■he  division  is 
decreased  (’’mass  ^ '-f  "c* '*)  . 

Th?  syn*:h‘»sis  (m<»rging/coaIesceic3)  cf  ‘■h**  niclei  of  substanc® 
with  th-*  low  atomic  mass  can  occur  under  th?  effect  cf  the  very  hin 
tem  ns  ratures.  ?h?  fus-'cn  reaction  arl  tht  «ngir?s,  in  which  it 


flows/occurs/las*'?,  call  thermonuclear.  The  example  to  thnrmonuclea 
^usion  is  th«  mucous  membrane  of  heavy  nyJroger.  (d® u^erium)  with  th 


*  ■.  ">p  of  vrrKi^j  3^  jiac./pr::p'll ’.r. '■-.  rrc-’irl^ar  '5 

cjas  w'."h  '■*1*  v^ry  h'.nh  t‘»nip'ir  it  urfe  (to  o*  10'^  ,  .?irr-f  or.!'/  r.t  * i  ^ 

tRspar-iture  kinetic  enocgy  or  t  nt  tonvirgirg  r.url  '■(  wi-h  t'^.'  low  .?.  i  ' 
“".^rgv  rsf  ■^hfi  forcs.i  cr  tatir  outu  al  r^'-o'ilFi  cr. .  Juch 
high-t  a^para*;  ur“  ®  <t  in  guish  =d  (it  th?y  cdll  pla^na)  ccniair.s  -. 

oct  r  it!  1 1 V  ch  art"  i/1  c  ad^c  parti*  of  t.is  aitn^,  f-;*-  i' 

“?.ch  -3  i«ct  r  icaxii  r.'^itra'’  , 

Tna  SD‘aclal  f 'a'*’ura/pfc.ca Ixarity  oi  tr. '■racr.  icl^ar  f'lsicn  1:  »s  in 

i 

th<»  fact  ■‘■hat  tha  mass  cf  tne  orcauct  niiclsi  cf  h^'^lraa  to  tn« 
’’.oticaabla  valuo  's  Icwar  tnan  thte  ntasa  of  thi»  iniciel  nuci.-;i  of 
hviroqan,  Th*  "mass  defect  iadicatfed**  in  th'*  pr^s^ncr  of  ■‘•hs 
theraDTicl<“ar  fusions  is  si  gn  if  icanti  y  nor*  than  iurira  th=‘ 
rad: '  i  c*-.  i  7«»  '’^cay  cr  ■^ka  nucxaar  Lission.  With  rrsp^c*  this  as  a 

■ 

*  result  0^  h  =  nonucl  *a  r  fusion  is  isolate.!  a  rcnsiderably  gr-af^r 

cuantitv  of  teat.  For  the  sarcjaccu  of  piausibl-  workina  conditions 
of  ''taine  bl*c'<  h'*  gk ®ap2r  ac  ire  ^iasna  must  b®  k'»ld  far  from  its 
•vails  v: h  *?'■’  a'*  d  of  n-a  aagn-Jtic  fiili. 

In  contrast  f ■*  ssion  reacticn  of  nurloi  th®  tkermonuclsar 
‘'usion  do**?  not  l^ad  to  the  radioactive  contamination  cf  tho  angina 
conpon’P-ts  and  rocket  apparatus,  or  an/ircnracnt . 

Th  =  rooniicL®ar  'usrcns  occur  ci.  th>  sun  ar.'’  cth*r  stars.  'Jrd'^r 


- . 


mr 
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if  !  r-in  litiors  *n*  t  naracnacl' ac  rusicr.  If 
a pi *.s h Td /r-^e  1  izF i  at  pra^a^t  ci.l/  in  th=  frra  ■nt  FxrlcFicr.  '  r.  t 
fh^rto nuclear  (hydrogen)  boaos.  Coi'.*tjL  canabilify  cf  th^r aonuclear 
fiisinn  is  the  very  first  tasic  of  cont  a  aporary  applied  nuclaar 
oh  7  si  cs . 


r'  -'ceien  ^ r nihiid-icr.  c-poairs  durim  th«=  supply:. nj  ir.*c 

th.e  ch’-'peT: /camera  anihiiator}  paiticia  of  substance  (for  exasnle, 
slpctnns)  and  uarticles  of  the  autiaatter  (for  example,  positrons), 
''•’■'■p.  th»  connsetier  the  uarcicics  indicated  the  ept-rqy,  which  is 
contained  in  their  mass,  coaipiateiy  is  converted  into  the  radiant 
energy  on  the  relationship/ratic 

£=mc*, 

where  £  -  radiant  energy;  ni  -  initial  rest  mass;  c  -  speed  of  light 
in  *hs  vacuum,  equal  tc  apprcxiBi&tfci//»xemplar'’ ly  3«10«  m/s. 

Page  27. 

YaPD,  in  which  th®  heat,  isoiatad  in  th®  presence  of  the  nuclear 
reactions,  is  used  for  heating  of  weehing  medium/prcpellant,  is 
called  nuclear  eng-’ nes  with  tna  neat  -tcansfor  tc  th®  working 
meciiiim/propellant,  or  heat  axchange  ? a3 D^^[f^xhaust  get  of  YadD  can  b** 
th®  mixture  cf  the  products  of  the  ca acted  nuclear  fuel/propellant 
and  working  m®  ’  ^ 'jm/proroHant.  Suer.  Yi<D  ar"  called  m.^xtur-*. 
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l5  no*  *.ht=  po3sioii-Ly  of  csTi^nf-o  n  f  th>»  nuclear 

=  T<3:’.T<»3  whos®  ^xha'is*  ist  consists  rf  ’or.t  P'lol^ar  nar^iclos ,  which 
arc  ob*.?.lr®(i  '^'irf.r.g  *h®  radioactive  1  ooay,  div''..«fcr.  or  nuclear  fusion 
r21  ■'.  ?Dr  ®xanpl  =  ,  ar®  known  ta€  Jtcjacrs  of  radioisotop®  sail  -  th* 
r^c'r»'“  o’.r-  w'~ cf^atas  iorua;  as  i  *  h ~  r.'icloar 

1  nosi t ir of  th®  radicisotoca^  wiioi  c^'/^rs  oat=rial  cf  sail 


ffrot  tn®  n^astfc  or  the  aataij  ,  ar.d  t.i  s  r^rna^'cn  c”  th®  an  i  s(~t  rf^  nic 
“lev  o®  «-nart'*cl“s  (anemic  nucifei  of  .iali'i"i)  , 

Photon,  or  quantum,  are  c-alieo  failD  whos®  =xhaust  j?t  is  not  *  h® 
flow  of  molaculos,  tens,  atoms  or  thair  particles,  but  the  flow  of 
Dho*on3  (®l®otromaqn®tic  juaata ,  or  lijht  quanta).  In  the  photon 
enqiies  the  rest  energy  (mass)  or  r.usltar  f u®  1/nrope  11a nt  ccnpletelv 
is  converted  into  th®  radiant  energy,  i. e. ,  photon  ongines  create 
thrust  as  a  resul*  of  the  radiatior./eaission. 


Diaorains  D(J  with  thermo  nuclei  r  photon  and  annihilat'on  of  ?D 
are  deoictei  in  ?ig.  1.16  and  1.17. 


Photon  engines  possess  thaor at ioally  maximum  charact aristics 
among  all  types  cf  PD,  since  exhaust  jet,  which  Is  light  quanta, 

oossesses  * h®  maximally  attainacie  sp ea  i  (spepd  of  light  in  the 

vacuum) . 
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1  *•  1  r=  3 /Ti''^'i  I'.  ’  r  i cf  RD,  ir»  -i  E  *•  ’i' t:  •:  i  >»  f  f  *c“  iv  5 -.c -?  f 

‘ha-r  j?3/ar)nl-.ci+- r-jr  cn  roc/tit  a^f^iri-io.  («).  V  •= .  (S).  kj.  ('^). 

■<q  •«.  C').  W.  (*^)  .  n.  ('^)  .  <^c.  ilu).  ?os3ihil'*y  of  chaniir.q  ‘hrus*: 

''vor  a  W-.  lo  ranqa.  (11).  Simpixo-.y  3f  cor.  str  uct  ioo /des  ion.  (12). 
o;  ?ci' 1  -  •>■  7  cf  t.-.risr.  lU).  ?cc£-^'l--^y  'll r  :  -f 

'"^Th  *■..*' ri’ -3.  (1^).  lar.  (15;.  3i3>pliciry  cf 

const  r'lction/d-^sion .  (16).  '/dry  ni-^h  reliability.  (17).  aith 

■=cl’.  i -3^'?.  S!=  r®actcr.  (18).  tn^radx  type.  (19).  .Hi-^h  val'i  =  s.  (20). 
Possibility  of  d<'sl7nln3  of  aijh  wr.rusts.  (21).  Pos.=  ?b:lity  rf 
continaous  operation,  (22).  PossxLtxlity  of  utilization,  cf  wcrltinq 
ns.iium/propellant  with  lew  value  (23).  Electrostatic.  (2U)  . 
Sloctromagnet  ic.  (25).  Pcssioili-c/  cf  continuous  (of  up  to  several 
voars)  CDoratlon.  (26),  Aosance  cf  naai  in  heating  of  working 
mediuin/propellant  to  high  teiape  racure ,  (27).  Snecial 

featuras/peculiaritiss  cf  HD#  wnxen  liuiit  their  use/application  in 


rochet  aDoaratuses.  (28),  Degree  aastery.  (29).  Con parati v^ly  low 
value  due  to  Small  quantity  oz  haat,  which  is  isolated  in  th® 
oresance  of  chemical  reactions,  aao  large  value  a  of  chemical 


reaction  products.  (30).  They  art  Hiastared  and  extensively  are  used. 
(31),  They  are  mastered;  t.tey  art  used  rar'‘ly.  (32).  Lew  value.  (33). 
Large  soecl  fic  mass.  (34).  Low  tnrust.  (35).  They  ;ire  masterei;  they 
ar®  us»l  In  artificial  Earth  sattexiices  and  in  space  vehicles  for 
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D=  D<»T  iar.c®  of  naraior^rs  or  ci.  scLar  distance  ('or  SP";).  (ttl). 


'ir.ienc  ho^rh 


s;  sfcc-arati  P.D  ar“  'jsel  ir.  artificial 


.  ,  ,,  i.  1  .! 


(’12)  .  b-acj  :  ;;  'hay  -r*.  :  i. 


1- ■</  vaL'i'  c'  acc"  1 'ra' ■■  CC/  -mien  ac:.:;.r-3  rcch'---.  a  y  p  a  r  a  ti  3  w.-*.;- 

?D.  ira  aia.sf'^rcd;  un-iar^c  har.cr.  r^^sts;  .?  =  cara'=  ’D  ar--  a.a 

ic  artificial  llartS  sateiiitao  auu  snara  v^hicl-s. 


■’aoe  30. 


In  contrast  to  hsat  exenanje  of  YaPD  raiioiso' epp  sail,  mixture 
a.n  i  ohatcr.  nncl^ar  “'rc' nes,  ana  axit  YaPD  with  ^xhaa.s'  vh-ch 


ccr.  srs's  o* 


flow  cf  ruclsjar  -ai'iclas,  Ic  not  r.cad  anv 


ir '  ■^r  n  =  'iia*  s  accc’lp  ra'*' ‘.ng  dsvxo<a  or  axaaus'  -jc-t  :  hi^h  SDr?’.  of 

rjiciaar  par^icl^s,  ttc7ii:  oixeara  wi'i  :h£  wor'^-'ng  .t -c iam/pre p silane 
al.se  of  photons  is  rh^  xssuir  of  tr.=  courss  cf  nuclear  rsactior,  an’ 
task  consists  only  of  oiving  to  cxxajst  jet  ths  rscuirpn  direction. 


Apoaratuses  can  be  aovei  rn  uutjr  space,  using  sc-called  solar 
sa’l  ("to.  1,  1<3)  .  It  creates  efxort/foroa  to  th"  apparatus  as  a 
r-^sult  of  th-a  ra'lec*:cr.  cf  sunceains  o/  th'^  surface  of  thin  gauce 
sheet  (sail).  In  order  tc  obtaxn  tn=  greatest  t’-rusn,  th=  surface  o- 
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'-li].  Ti  jst  h‘=»  ir.  tr.  ^  aaa  i-;  r,:>  r  pi^  r.^' '  cu  I  ar  t “'. 

r  ay?/t  =  a.33)  . 

O''^  shoiili  eTnha.?^iz€  that  art  f^avilop-?  f r  tot  all  tvp 
=  xa3tr!»l  abi^v=‘  rock'^t  --r.-jiias.  fro  'xsiRpl*^,  ar-'  rrt  y=t  c 
“ =  n  c -'.'1 ?’':'r'.i,  sinca  ta  Jt  -aoLv-l  -  !  •-  -r*  '  ■  -  t' 

*■  t  “  rt  mu;:  Itaa  r  furiur.  .  Short  jct  t-dra*:  L  v  i  rock- t: r  "'-00'.  ;••: 
•3  uiv-'t  :.n  'FaM*  1.1. 

■'>‘-h»T  j^t  =‘t'Tt-l''3  cao  Da  3  JDUi  vi  ;j  ji  aF  fcllcwr. 

1.  Accorl'''rc  to  typ«?  of  ■aa  viroraent ,  a?  work?r 

It /or  on  el  lan.t : 

a)  jet  nnhin®': 

b)  hydroj'^*  =tgir.<^s  ^hich  aevtloo  tarns*  by  acc=leratin 
■ tae-'.r  cbar.r.^ls  and  can  work  ii*  inater  and  on  stirfac*  of  wa 

c)  jet  engines,  whicn  use  as  working  tied  iuai/propellaat 
at  OOF  Dh  or  =>  of  oth-^r  planets. 

2.  According  to  type  of  utijiizFi  energy:  a)  cb'^aical  an 
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significant ly  lower  than  in  the  chamber  of  thermal 
A’ r  i“nsi*'y  w'-’'  an  incredst  in  alcitmie  ahrv 

- =  n  a  ~ *•  h  00”  ~ i  -  r  a h  1 V  is  i  iC  n  =  asG  i .  ^  \  a  r  -  “  ■'t  -  v '•  n 

i^icht/al*  inu  ce  of  <*a. 


V?D  are  subdivided  usin^  the  mechid  of  air  compression  befor 
its  suooly  5.nt''  th-*'  cocbustion  cnaifcsr  to  *h''  compressor  ores  and 
coBpr«ssrrless  ones. 


In  compressor  of  VBD  tna  air  i.s  C5inpr*ssed  by  the  special 
aaaregate,  called  compressor.  'Jcmytessji  (axial  or  onrtri  f  ical)  i 
ro'^a♦:ed  by  th®  eras  ♦■urtine  wuicn  is  astaolished/:  rsta  ll«d  on  on  ■» 
shaft  wi^.h  ■^he  cempr^sser  (Fij.  .  Turbine  woris  or  th*  rnac*" 

oroduc^s  of  reaction  of  fuei  and  iir,  >uch  engines  are  used  for  t 
flights  at  a  velocity,  which  does  not  exceed  the  local  velocity  o 
souni  at  th®  g' van  height/alc ituao  itiore  than  four  tjra  =  3,  i.  o.,  to 
.d=4. 

Compressor legs  VBD,  calied  aicc  direct-f low/ramjet ,  are  used 
the  nighcr  fl’ght  speed  (deS-IO).  Tha  air,  wh5.ch.  encounters  to  ■^h 
era’Ro,  ^s  coroore^spd  into  its  ditiusor  (F’g. 


1.20)  as  a  result  o 
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isroral  Infcraa*-',CT.  Abcut  aocicat  .-tj-par itus^s. 


‘>2.1.  of  apolr.caticii  of  rooK^t  ip  parat  us-s-s , 


=ngir=«  in  tha  ov  ar  wr.e  iai  r.  ]  najori":/  of  ciaer  aO'^ 

■'rfaifal  for  *■'’«  high-apaad  fligtc  vahtrlas,  whroh  includa  rha  gui 
ballistic  aissilos,  AA  guidaa  aiisilas  (ZUP)  and  antimissrl- 
aissllss,  roclcat-carricrs,  space  aiid  cnhar  rocket  vehicles. 


Tha  guidad  ballistic  aissil<d3  iaciude  tha  rockets,  which  th® 
significant  part  of  the  trajectcr/  aftar  engine  cutoff  move  over  th 
'nertia.  For  exarapla,  if  we  disr«  j£rd/iagl''c*  the  ^  f  f  .:-ct/act  icr.  of 
th®  gravitational  pol®s  of  tas  sua  aid  nicor,  th«n  in  tha 
gravitational  field  of  the  Earna  rcckst  mcv^s  over  the  curve,  which 
's  ♦■ha  oart  of  th®  ellipse  (Fig-  2.1);  ohis  curv®  they  call 
ballistic. 

Da  the  plac®  of  start  fcaliistic  aissilos  ar®  subdivided  into  t 
ground-based  ones  and  the  ship  ones,  w.iile  on  the  ^irina  d:  stanc®  t 
the  rockets  of  low,  medium  and  larg®  distanc®. 


one 
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\~”\y  ?r'’  mcv<?l  •ccjC'catr  wich  ■^■hr  fcrniaticr.s  ar.i 

nartl  c:  ns  t  =»  ir  ’''“ir  creratat  o  parauicr.  s -'proc-^'ss^s. 


Strat^yic  missiles  ar-=  of  mcainn:  iistanc®  an  1  large  iistanc^; 
la^.^ar/last  rorkets  call  also  inrai:conriii=-r.t-,al.  Th» 

^/la'inc^'.ng  sirata.jir  a^^sLljs  can  b<-  a  ccc  ac  1  is  h- l/r^  a  li 
on  •^'la  comraar  is /crews  frem  rr. t-  Sj-Uyl-^  cant«'r  i’'  ■^.h -.  irt'r'-sta 
waging  war  as  a  whole. 


oaqe  32. 

zrip  are  used  for  the  dastruccioa  of  tha  aircraft  of  rhe  enemy 
and  of  antimissile  missile  -  for  organizing  the  anti-ballistic  missis 
systam  (PPO) ,  i.®.,  for  ruc  protection  from  ths  rockets  of  en omy. 

Carrier  r-^rke+’s  s^rve  for  tna  st  artin  g/l  aunchirg  cf  artificial 
Parth  satellites  (IS7)  and  othar  o^aca  vehicles  (KA).  Thssc  rockets 
according  to  device  and  operating  principle  are  similar  to  the 
strategic  miss' les  and  can  differ  rroa  them  in  terms  cf  the  nose 
section  (payload),  the  flignt  trajectory,  etc. 

By  soace  vehicles  are  I3Z  apparatises  for  the  flights  to  th* 
moon  and  the  planets  of  tne  solar  sy3t?in.  KA  wi'rh  th®  crew  aboard, 
i.®.,  manned  KA,  are  called  spacecraft.  Ar®  published  sciantific 


?2.2,  0?i=ran»^'.rr./?nrprs<s  of  zas  cf  rcr<*t  s o car af  is . 

Tha  of  rocKe-;  a^) raz u??  5  accor-’inq  th» 

■iasi^na*-.^  or/oarpos»  ar<?  sujdivfidfea  into  march  cr.ns  and  th? 
h^lrnsjap.,  Snstair-ar  engines  aorK  casic  niirc  and  com  municat  ®  to 
aoparan’is  the  require  1  total  inifuise.  V?rri-r  ^rgfr.-?  rerva  for  th  r 
oath  control  of  t,h  n  mc^icn  of  apt-ar  at  ij; . 

(including  IS7)  have  aacara  thi  rcoket  rng’ nos  of  diffcr-r.c 
^ ^ t r on^p ur po s® ,  rncluding  corrective,  braking  engines,  and  also 
crieatat’on  system  erginas  and  staodlizati on  of  position  of  KA. 

The  corrective  engines  use  for  the  correction  (correction) 

- *■  —  j’ -  - cr .'.es  of  KA  during  its  fligtt  with  ^he  switchtd~off  sustainor 
'='cgin  ?. 
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^ra.kinT  ^  r.  r.  *  t  crevice  oraKiuc  af  :<A  (IS?:),  fer  rxampl^,  -or 
th=  *:rinoir.a=  -[53  -ren  che  orcit,  for  t'^r  creation  cf 

».rt*f?o’al  o-^  noon  or  for  landing  of  KA  on  the 

noon  ini  th®  olan*ts,  which  do  net  have  su  f  fi  cir‘n*ly  -Jen?!? 
anrT'''TCh‘^r'?. 

Pa 3=^  33. 

Tha  orientation  systani  an jinea  accomplish/realize  the  turn  KA 
r^lativ?  to  on.'"  or  th®  cthisr  axi^/axlo,  necessary  for  its  orientation 
'n  otit^r  space  before  firing  of  tat  brake  and  corrective  engin*^,  for 
orienting  the  antenna  cf  KA  to  the  ground  or  panels  of  the  solar 
nar.el  in  th®  sun,  during  the  .natirg  t KA  in  orbit,  and  so  for*h. 

The  engi  n««  c s'^,  a oiir  zati044  tystea  preven*:  rotation  or  angul  ar 
oscillat' ons  of  tA  relative  to  cr.e  cc  the  o-^.h?r  its  axis/axli. 

Pig.  2.2  depicts  general  vi^w  cf  automatic  interplanetary  space 
station  (AMS)  ”Venera-4'*,  launobea  on  12  June  1967  and  for  the  first 
time  in  the  history  of  humaait/  of  tiat  carried  out  a  smooth  chut? 
and  th?  direct  m«asurements  in  tan  atmosphere  cf  another  planet. 
Together  with  th®  ins* ruients  ana  ths  rguipment  into  compositicn  cf 
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’<A  "'/---ra-U"  cczzaCX'^v'  •*r.-jir.-  •* ic-  ar.-^  th- 

Icw-'.  hr’ist  ( in?  rr cue  toro)  cl  a rj  *  rt  a-t?  rr  sysras. 

Packet  enqines,  in  particular  ZhSD  [liqui'1  propellant  rock=t 
~ng-’'i='I,  can  b®  'is?i  alsc  as  main  wigin*  cf  aircraft.  Such  airernf 
with  t ^  cr“w  ar*  nb'^ard  callti  -g  lir  h’ cl'?? .  7hr  ncrst-gl 

v-h:cla=:,  ranabia  carryanj  out  ar  orbital  fl'jh"  cf  ISl  witr.  th 
subsacuart  lar.'^ina,  call  space  aircraft.  They  car.  find  usa  fer 
servicina  of  orhi*al  spacecraft  iSt-ace  stations):  for  the 
leliv?  rv/proc  ureiflert  r-®  loa  i,  rapxac^apnt  cf  cr^w  and  i.  a. 


a  .  2,?.  V' cf  '*  Ventr? -4  "  :  1  -  ^rh’.-nal  cct' ti?  "it ; 

-  cr^  =,i  -  atj.rn  s'n?o"  *c  tnc  s~i;;  j  -  corr'^c* ' '/ -■  ar.qir.*  in.^talla-.;. 
4  -  a : -remoter??  of  orientation  sysuea;  S  -  cenefer  for  zh»  co^^mic- 
-ageiroh;  n  -  s»nsor  ard  tna  rod  or  Bagneirnotor:  7  -  s  sniidirsotic 
aoten.n^;  3  -  launch  modulo;  4  -  ni^hlv  ir ’c*  ir  nal  parahcLic  arfor. 
ID  -  solar  pan=l. 
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Rooltet  engin®3  (ZhaD  or  SJlf  so  lid -pr  op  3I  lant  rockat  ®nqin®l 
can  be  tha  pile*’  engines  of  aircrart  <ith  vrd  for  th*  d^creasa  cf 


aircraft  take-ei^'f  roll,  for  a  snort-time  increase  in  the  velocity 


'.2,  'Th  iCT-'' r:  s*  ics  or  c,:c<i." 


Th«  ■^yo’c^''.  S'"!" tic  cf  o ic  jx "- =  : .:  rccX'"' 
worV  -'1  th'^  ntop- ’  1  J^jpicc-i  -.r.  lii.  2.3. 


I  :S  -  C*  1 


*  ^  ^  i  j  -^-i  '^s  a  i.  r  ?-  V  ’  ^  \  c 


•  '^  r  <  ^  t , 


first,  it  the  conipCiiit.it  t  cf  rock-',  t  i*  i.=  c^.'^nibl-^  -^.c 
isolate  instr  UT  ^n' ,  -^ars  a.na  pewer  ba -/s  .  It  th?  i  t.'^  t  r  ■in-,  ^t.t 
''tm  ?».  n=  ft  *  nlat^-d  he  jjuipifcnx  far  th'  sys^-'-t  r  f  ccr.trcl  (S”)  of 
roc)r=»*  fliaht  ati  of  worn  oi  <3r.7i.0-?.  Th«  basic  vclnmf?  of  rcck^t 

occuoias  th«  taoh  cctpartaiant  (sactico  with  th?  tanks  of  oropallant 
to  ppor  3n*  s)  .  I.t  creino,  or  to?  w-;ik'‘st,  s-'ct'or.  is  placsi  th.o 

=nqioa.  Powor  bav  ca.t  be  enditl  by  eti  rirc  (frame/ferter)  ,  or  which 


are  assesble'.:  such  actnatinj  eieaiej.ts  of 


V a oe .s  or  vernier 


=^naio®s.  Fur^  hr  roor-’ ,  '■c  the  f  rama/^orm^r  -r.dica'*:ai  are 


'  ■i  5^  ^  r.  c  "I 


oower  nacks  for  the  irstailacioo  01  rornet  on  the  s^a  r*  in  g/1  anneh  it.  7 
(starting)  devi.e®. 


Let  us, examine  the  basic  aass  parameters  of  rocket. 


the  initial  mass  ct  roc.tet  m„,,  call  mass  roexets  at  the  "'om- 
of  its  star'*’  'y‘  r*"  l^*"^  i  vely  fixal  01  mobile  launcher,  i.®.,  at 


^0  0  =  PAili? 


2.1.  typical  scheiacio  ox  si nj  l^-s  +  ag  -  rcc'<=‘t  with  Zh?D, 

whict  work  ot  by  '^oubl*^  compo-iaai;  tha  f  UP'.l /prcp*llar.t :  1  -  ncsp 
sactioR  wi>h  bha  payload;  2  -  instz  amont  ir.sh  runan'r  package  for  iha 
ror.krol  systatn;  1  -  rridizar  tank;  4  -  t  ar  k/bal  loon  with  tr.-» 
cooDCr's-i  gas;  5  -  cc  r  duit/aa  laro^-c  of  th'^  dsLiv«ry  of  oxidizer  tt 
th-  onap  o'"  *■. 'ir hop ati r  tinio  (TNA^;  o  -  fuel  tank;  7  -  tunr.al  for 
uio^lin?;  1  -  '-.'-r'ls*-  oc nstr uoticn ;  ^  -  wrek'-st  ('^na^r.e)  s^ctrcn  ;  1")  - 
ctanib-r/cao®ra;  11  -  TVa;  12  -  coau’iit/nar.-’ fold  of  the  delivery  of 
fuel  to  th-*  pump  of  TNA;  1J  -  oondui  t /aia  ni  f  c  1  d  of  the 
su  parcharqim/nressur'.zatija  of  f  u^l  tank;  14  -  pressure  reducor  of 
uas;  15  -  cor  dnit/raari''cld  of  cntj  sup  orcharod  ng/pressurizaticn  of 
oridizar  tank. 
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t- :  1  of  '1  a  ion  0  »-,i  tao  mas  win,; 

b|  :.n3irot«-3  th<=  pass  of  i<orK_r!j  coT.ponon*?  cf  oroo^llor.*:  /a;- 

3a3  v'*'''  f^">  'vcrk  cf  in  jiao  taco  th=  pop  =0^/10  r  :  1  ■  of  fh'r-  s" 

c.^et  ■t-Vs-  <* « f  acr/aoticn  of  th®  c  p  r.ra'^  ■  r.q  ongir.®  to  that 

t/*cr'JUo  engine  csdSss  to  iav^lcp  thrusc; 

c)  t  h®  Pass  0  rh®  raaainJers/r?  si3 ue  3  cf  th®  copper,  ants  of 
ll=r'^  cf  -^host  r-aaiainj  in  tht-  ^ank®  ani  th:  nair.s,  wh 

o'"  tank.®  with  chaa  bar/caasra  (ec  h®  cutoff  valves)  ,  ef*: 

6  cutoff. 

con s® qu® nt  1  y ,  th®  total  Bass  of  propellant  components  is  eri 

ass®.s  indica+®3  are  snOi*n  in  f-j.  2.tt  in  "-.h®  iiagram  of  the 
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S2.!i.  The  character ist  ic  velocity  of  roclcet. 


■^he  universal  Tiantirativa  cnaract  ariet:  c  cf  ballistic  missD  la 
is  its  charac^erist  ic  velocity  «ihich  is  cal  lei  the  spcei,  nacessary 
for  tha  solutior  of  the  ballistic  pcrblsm;  the  achievement  of  th* 
orescribed/assignei  disxanca  or  haight/altitnde ,  st artin.7/la':nching 
of  satellite  to  the  designated  ocoit,  ate. 
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Available  characteristic  velocity  l\ap  is  the  final  speed  cf 
rocket  VIoh.  vhrch  :t  aeguiras  ua  der  the  follcwirg  conditions; 


a)  ’n  tha  absenc®  cf  ataespnar^,  and  cons** qiien tly,  in  the 
absence  of  the  aerodynaaic  drajs  aid  thrust  losses  which  occur  in  th; 
or^serce  of  th®  atmosphere  (sea  c,1.3); 


b)  ■  r.  t'^(^  ct  ia-j  boicos  cz  j  r  i  /  i  t  \  ‘  i.>n 'i  1  j: 

nl'»r''<'5,  nrc?  I 

S'i''h  r-iri i ■  r '■iS  provia^a  j'lrrp-g  f'Pii''.  7  of  ir  onfT 

soac*  far  fm  f.b'=  plar:et3  ana  the  ^un.  rb^  sp  =  =  f  indicated  car,  h'^- 
1  ^ ~  i  •'  -^  1  \  ' "o  r  i  i  t  7  *  c  the  e  •  jc  t ^  ^ f  "  '  ■  :  1  •; r  '•  •  ■  •  .  •.  i  -  ■  .■  ^  -  :■  ■.■ 

n  ■ !  b  1  ■  ;; '  ■>  ;  ■',  r  “  t  1  '*  'i  '  . 


Th'i  "q  iiaf*  or  Tr  ici/^ovsrc  ly  car.  be  n  ’  !•  folic  wrr.a 


for  Its  : 


V,  .,  =  \r,.Jn^; 


(2.  1) 


V  ^KOB  / 

Thr  oquat:  on  of  TsioiKOV3<iy  irdrcafe.c  th-* 
d-oa-’fs  the  final  Fpcfd  cf  rocitet.  The  jr^afer 
rolabion  rnna^l'’^^;n»,  ^V.q  greater  tne  tinal  speed  of 
than  *•'1-'  Do.ceihil ty  of  its  ut-Ia  ra*- :  cn  for 
ballistic  orobioms.  Tf  we  accept  valu^  mga,  inva 
^iui/^Ikoh  can  be  increased  by  decreasing  the  value 
obtaining  the  larg-’  -^i  nal  speea  cr  rocxet  under 
pointed  out  abcv<=  and,  consequently,  also  the  1 
character  istic  velocity  during  thts  design  of  th 
accurate,  »ngin^  •*  ns-^ a llation )  it  is  nicessary 


(2.2) 

parameters  on  which 
T.h=  'p'^ed  U''„i;  and  *h  = 
rock'^t  and  th-  wider 
so2.ut'’.cr  of  diff^^ront 
riable,  then  r=laticn 


^KOI! 

Consequently,  for 

the 

con  ditions 

arge 

available 

<=  engine  (it  i.s  mor^ 
to  attain: 


a)  *  h«  lane  exhac.st  gas  veloc.'ty  behind  the  nczzla  of  angint 


o  SI 


rT;i^.n^»r  •  ♦■h'?  sn-Jr^  ;  i !'.  aica' ca  i.->  cannier  -1  wi'h  .;p?=’  an  wit 

-c:’*-. ’  tr  (  ■ ,  ^;  ; 

b)  *  h<=  low  flri*^  .Tass  of 
or- sr  ri  arc  i  mass  cf  paylcau),  i.  e. 

"  -  ' -1  - /proo^^l  tf  (trrrtlldr.-  ,tc  r..  or  -  r.tai) 

af’’ '  rf '  or  is  cail  to  an  'tcraas-  '  r  socoi  ir^.  7he  io 
of  •^ha  ":  n:.t=  mass  of  rccKif  '^koh  am:,  rher'^fer^,  an  increase  in 
r~l?t?or  ^«uaq/^KOH  is  I'ss  eriactiVte,  sin.:?-  tha  r-lat.icn  iadicatsd 
equation  (2,1)  will  cesn  ander  Ic^  siqrv. 


( w  i  f  h  r  h  c 

,  low  mass  of  DU,  the 

in  oh-  tar.hs. 


During  rook***  fl  fonts  in  tnt  c*-:nosphr  r  *  arl  in  th**  sph^sra 
infljencp  of  gravitaticnal  fiaics  tha  final  spc=i  of  rocket  is 
than  •*  *•  3  charaetc;--?  e:-^  ^  c  velocity,  ucciag  t  h  *  flights  indicated 
nscassary  *o  solact  *h<=  catinaL  flight  trajectory,  i.e,,  such 
trajectory  with  which  tfcs  total  icss=s  of  characteristic  veloci 
have  small  valu®. 
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For  cond  no*  ir.g  the  roc  net  along  thf  cptimal 
coooosition  must  b?  *he  systeit,  waica 


trajectory  in 


c r ^  as 

in 

cf 

low  3r 
i.  ^  ^  s 

ty 


it  s 
or 


reaves  control  forces 
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-x=>p’ol3  jf-t  '/ar'.'^s  or  v'-rnik.r  2.iyiiitF  wich  ~-h''  syst.-ai  cf  rh^ir  ariv*. 


Vain'S  rJinai/^KOH  3  s  t T E ins  1  Dy  the  structnr 
of  rocica't  arf  bas?  for  «ach  typa  cr  rockets  one 
values  of  speed  Wc  depend  on  tht  tvpe  of  engir. 
I''"'".  ?>•  ocr.pr.ts® 

r"'c!<'‘ts  PD?T  of  IfOO-BfCO  e./s,  ter  'he  rcckrts 
n/s  »rd  for  '■h®  reckons  wi-cn  iaBu  -  90d0-im00 
ballistic  poss’ bil-*  t  ’  s  cf  sinjlc-stage  rcckots 
charact'-sr i-stic  voloc’"'’?,  are  linxetd. 


al/:esior.  D-rt*cticn 
or  another  liE^it.  Th  = 
e  and  they  also  hava 
for  T  h  -  3  i  c  1  *  -s t  a  ::  : 
w'th  thPD  -  6O0f1-6S0O 
0/3.  Crr.  ss  jue  r.tlv  ,  th 
,  ?valua*'«d  bv  th'^ir 


For  th«  solution  cf  many  baliistio  prcbl'^ms  arc  requirad 
substantially  the  higher  values  of  rh a ract eristic  velocities. 


For  guiding  a  satellite  into  orbit  around  the  Earth  by  rocket- 
apparatus  must  be  achieved/reaohea  tha  speed,  greater  than  circular, 
cr  crhital  veloc5.-^y;  i*  on  the  suriace  of  th**-  Earth  is  ^gual  to  7900 
m/s,  and  a'*'  an  alt-?/*iid°  h=200  ice  -  7790  m/s. 


If  rocket  apparatus  acquxres  the  escape  velocity  (escape 
velccdty),  then  it  escapes  tne  pull  of  gravity  cf  '■ho  Earth  and  can 
be  directed  toward  the  noon,  to  ocher  planets,  to  sun  and  so  forth 
escape  velocity  on  the  surface  or  tha  Earth  is  equal  to  11190  m/s, 
and  at  an  alt'^tud"  he200  ica  -  llolO  m/s. 


i 
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Dn"  to  IcsF^s  ’xa^ineG  dOOv»s  c  f  c;;ardC*or :  ?t  io  ve-lccit? 
nPco<?sarv  charactorist : c  valoci~y  a-ust  ue  accor  iip.qly  hiq'a5r:  for 
oxaapie,  for  ths  injection  of  iSZ  into  low  circular  orbit  value  ii.-jr 
is  enual  to  10000-10200  a/s, 

rh“  very  e^^ec-^ive  aet  hoa  cr  Lltuining  the  hion  values  cf 
characierist' o  v'ltc’tv  is  rn  a  ui^/ap  plica*  icr.  of  a 

cotDosi*  e/con  pour.'l  (multistaje)  roc  lea  t.  This  rocket  consists  cf  two 
and  tora  than  s*eps/st  a ges.  daitistage  rockets  are  stibfiivid  ai  into 
*ho  rockets  with  th-=  cross  and  fafalLal  staging. 

L3t  us  “xpla'n  *he  special  idctures/pecu liarities  of  work  of 
Tiultistaae  rockets  based  on  tha  feXcBpls  of  twe-stags  rockets  (Fig. 

2.  5)  . 

With  the  vork  of  DO  of  first  s'-age.  two-stage  rocket  with  th” 
tandan  staging  (s^o  Fig,  2.5a)  ic  is  nscassary  to  consider  as  one 
steo/stage,  which  consists  of  the  basic  building  block  of  first  stage 
with  DU  and  the  nose  section,  which  in  this  case  is  the  second 
st«p/stage,  i.^.,  ^t  projects  in  th^  role  of  payload  for  th«'  basic 
building  block  of  first  stage.  After  the  consumption  of  bulk  of 
oropellant  components  in  the  tanxs  of  DU  of  first  stage  its  basic 


DO  r 


r  AGS 


‘”1  i  ; 

?;d''  T  i  t ^ 
■33  r-^ 


con st  s 


block  •‘.c  0- r?  rate  l/iAJ  rrc.T  "  i ,  3C  “ha'k 
■•  r  o'^w'^r  <'’•1';  c n  cce  iis -i.  •?■; ?. i/acc^l  ’r 
rccke-^.  (c:'=cc;-..i  oCd,i/3Ct,  )=  t  .  r.;- 

basic  building  bicc.<  and  nose  ssrti 


-1:0 /St  34  - 
h  tho  D  a '/load. 


■>3  0=“ 


1  3 


rwo-st.ac='  rock=>'^  'rfitn  tae  para  lie-..  3ta:in3  { 'sr  ^  Sio.  2.  bn)  is 
actiiallv  1  1/2-  by  stace  rccicat.  cio^  tas  vary  boy!  on  in  7  of  -^h'- 
flrah*’  o-  th'.s  T''ck'?'*'  '‘■h«av  wor<  Cu^'r  tha  •iryc'-s  rf  -h-  basic 


b'j  i  1  i  i  ^  4  hi  cc  k'  o*  first  st  aa  a 
first  onf>  of  the  main  tieexs  o 
d‘»oartm^rt/S''parat'’.or.  cr  othar 
b'/  basic  b'l ild'' rq  block  cf  •:.!  a 
d ^ oar t m ar t/3« par  at  ion  cf  othar 
'  r.  th  0  cc  oiposi*’ i  cr  of  reexet  r 
in  die at  ad  and  th«  nos®  section 


dan  tns  ^njins  of  tr.  ?  block,  •» 
first  staj®,  and  after  th? 
casic  buili’ng  blocks  cf  first 
saccr.i  scap/s^ac®,  i.®.,  after 
taste  builiinq  Meeks  cf  -irst 
aati.  rk?  basic  boil  ding  block 
I  pa /load  and  section  3’J)  . 


ich  is 


stag*  - 

■'•  k  - 

stag* 


As  is  evident,  •^ho  ef  f  acti  vaafess  cf  sultistag®  rockets  is 
“xolainad  by  the  fac-e  that  daring  their  utilization  it  is  possible  to 
considerably  iocroas®  relation  mB,,//n„oB,  and,  cons«qa«nt  ly  ,  the 
eh  a  rac*"  eristic  7<»loci'^7  cf  roexet. 


A  re duc-^  jcn/descent  ir.  tna  mass  is  lias'^. 


ffectiv*  at  f'.rst 


nnc 
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'='i-7.  2.5.  Th®  schsTiatics  or  t<»c— a)  with  the  tanl=7i 

staging;  b)  with  by  parallel  sza'jj.Lg;  1  -  axclcs-^ve  belts. 


Kay:  (1).  Mesa  sactioh  with  txia  lastrumant  compartment.  (2).  Secor.  1 
stan/s''age.  (3).  3asic  tuildraj  Dicc<.s  of  first  stage. 


52.5.  aequiremen ts  for  the  en-jine  installations. 

The  power  plant  is  effective  for  use  in  the  rocket 
vehicle  if  it  gives  it  a  high  characteristic  velocity 
for  this  purpose,  the  speoiflc  impulse  of  the  engine 
should  be  sufficiently  large,  while  the  mass  of  the 
engine  is  small.  A  reduction  in  the  mass  of  DU  is 
achieved  at  compactness  of  its  construction  and  by  the 
utilization  of  working  medium  with  the  large  density. 

Effectiveness  of  DU 

increases/grows,  if  the  unproductive  expenditures  of  working 

aec^  ill n/pr  opel lant  in  the  period  of  engine  starting  are  low,  and  afrar 

its  1 :  sconnection  ir.  t'-e  tanks  rtJJ&ins  only  a  s"'all  quantity  of 
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tn'isod  '-^nrkir.T  "ftp  H  u  m/ pr  cp  =i  i  aa  t . 


D'T  rnu.st  hI?;o  pro7id€  the  of  ch^t  lino  in  -'-r  .s-  ^ 

5  or.  f  f  or'^  s/fr  rces  aai  .acj»*.r;s/cor  7U«»s  for  thp  ■‘r^’^ctcrv 

7Midarc=  of  rocko*  vohrcle.  .^eii  in  a  o.narqa  ir  tnr  thrust  aop^^ar 
^^Y  ^T'  on  Tlno  is  ‘•ho  lotuatia-j  ■aiiuijr.*'  of  tn."  .syst'^t  of  rnntr'l  ~  ■: 
-noka*-  7’^''=rl  =  .  A.='  'xarrl^'  ca.a  Serv«  tua  cortr''!  syst^t  of  •*•.'  = 
amar®n*-  7=  Ic  o-’ ‘- y  ( ’  r.  acfcraviatea  icrn  sys'-om  cf  IsS)  ,  Th-  aoo->.r  = 
velocit-.v  is  detorminsd  cy  intajracmi  tho  aonar-nt  acct  ler  a  *  ion , 
1.=“.,  hh«>  ^o'‘-al  arc™l‘^ratic  n,  ccauiurica  iei  ‘•c  rocket  vshicl^  cy  a 
ac^-ing  on  it  forces  (argine  thrtsc,  the  aercdyraaic  r-r-sistirg  for 
of  tie  at 30.sph‘»re,  e*-.c .)  ,  wita  exception  of  the  forces  of 
gravitational  fields.  The  apparent  aocsiaraticn  is  measured  with 
aid  of  the  sp'^cial  ir.  s  1 1  uinent  s  (accel  aro  ust^rs)  ,  which  form  part 
the  control  system.  In  flight  of  rcrcet  73hirl’  u.n.i  ar  corlitior.s 
‘•h-  strong  gr  av’tat '  cr  a  1  fxaid  cr  planet  the  apoar^n^’  73locitv  of 
vehicle  can  considerably  dirrer  rrcm  speed  relative  to  launching 
Doint  by  the  surface  of  planet. 

The  work  of  system  cf  3KS  lies  in  cha  fact  that  at  each  poir 
Dowered  flight  ♦raiortrry  the  actual  vilus  cf  apparent  velocity 
is  compar’d  with  the  prcgrattniPd  value  of  apparent  velocity 
V'Ka*.iip-  Values  IVa^.np  ate  emDedded  into  the  soecial  control-system 

tho  start  of  Ldilistic  m'seil®. 


'’qu.iom’nt  order  to 


Tn  th=»  case 
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^  ;\3 ^  ^  iry'  *"  '.  ■  -  V  ^  ^  "  ’  "^  o  j  *  /  '■  S  vJ  sj  III .'  .X  .'  A  y'  vJ  L  ~  '  >-  .'.  .,  .  'J  1  '  r.  i  ^ 

*■  h  -  ^  :■  i:K  ":  '*'C  -IrCrwt,^?  j_  -.a.  a-_ 


Thi^  5syt;-':-?n  ct’iAt^o^  ui  rjntroi  forrr^s  ani  t  ""la  n  t  s /t  o  r 

Ti=^"  r)r“v’.’'’^  a'"  “arh  ni-ir.t  or  cr.t  ^ovacjii  ir  a  "j '•r-tor  v  i- 1 


^■‘rh  aro''-'  r=>ll  •^hf  '.ijl,  iio'v.wa^r'.  lo  ^ '7’ “u  i  •. -.  =  2  axis  rac<-'ts 
l^cal  hori:7cr!  a*  *>.<■  ccint  cr  -r.tcrsscaicn  cf  aurfaco  of  olar 

vith  tha  linp,  which  ccnnecto  the  c^ntar  of  mass  of  rcckat  with  t 
c=‘r. *"r  cf  plat  ■=‘^, 

P’ltcH  a’-g''^  -s  arran  jcd/iocci-c'viC  in  rar.oo  plan^,  i.“.,  it 
orai^ctory  p’at^  of  haliistic  aissila;  tha  clan^  iaiicatai  is  r  as 
thro'jah  tho  la'inchinq  ccints  and  rnci  ianca/drop  ir.  the  rooh‘=t,  ar. 
also  thro'iah  *’h'=>  coo'^'^r  cf  pianst, 

Th^*  cr'irs-  angle  (cr  yaw)  is  call  id  the  angle  tetweaa  the  ax 
of  rocket  and  range  plane.  Taa  atzituda  cf  roll  cf  rocka'^.  is 
de'-ermined  hy  the  turning  angle  or  ^he  transvars®  axes  of  rock=t 
around  'd’s  I'^no'itud  ’  r? !  ax:.s  frcm  ^ho  oalcnlat®!  posit'on  cf  th  - 


axes^axl®s  indicated 
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2.  SlFiplic^tv  o-  ccnstraczic./.3a3ijn  and  iiagram.  ro  v;  .ach 
de^.  or  min'"- s  r'al' ahi.litv  cf  DU, 

3.  Hiah  7,anufacturabiiity.  rn^  processes  of  oannfactoro  cf  oa: 


t^AGS 


'>*  on,  an  1  also  ‘;h=  pr<~c«3o-j3  or  wcliio.j/  s':ic’<,  arsoxhly  cf 

aspan blias,  aaqraga'bps  and  snjrnfe  as  a  vhols  anl  ths  conbrol/ch  ack  of 

'•.hoj.r  I'lal'S'by  wust  b*a  suffiCientxy  sinole.  Furthacinore,  the  processes 


must  tr  autcaanioa 
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F'ig.  2.fi.  Diaqraa  of  the  layjui:  ot  the  pitch  ancles,  co’irse  anf  bank. 


Key:  (1).  Poria.  (2).  Ptcjection  of  rolling  plan*.  (3).  Center  of 
nass.  (4)  ,  p^tch  angle,  (5)  .  Roll  attitads.  (fi)  .  Projection  cf  olana 
of  Ditch.  (7),  Pitching  plane.  (B) .  Projecticn  of  plane  of  course. 

(9) .  Rolling  plane. 


Paop  41. 


4.  Convenience  in  operation.  Hera  are  included: 


a)  sinplicity,  cheapaesa  and  ths  safety  cf  transportation, 
storage,  aaint''nanc«‘/serviciag  and  repair; 


t 
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b)  '  r  vuln‘'ribil' V  cuo  r^^ratirr,  '  .  ?  r?  :r,  3'. y  -.c 

^xt^rnal  aTenria.?,  rcr  ?xajipic  *-3  3hs  pci I'ltior./ccntaiir. aticr.  of 
Dnn'-'’.li-f  Conner.*?’'*  F  ard  ro  iiifiei<=-nt  -“rrors  of  th<=  servic*? 
n^rsornal,  ♦•o  fh<a  offset  of  ccQ-jiCAcns  of  cutar  spac«  (for  •^xamplo, 
to  th»  o^  aiicreme taenras) ,  etc. 


3.aall^3*  cost/'/aiufc  di:ci  tis.®  of  aar.uf  acrora .  This  r?la“:3  ro 
th»  cost/val'i**  of  «truc'rural  aat«irial3,  f l/rrop 3]  lar.t  ar  i  ■  luipm  Tt 
fh's  mar.'j''act'ir«,  fhs  assteiaij  and  3ac  f'»stir.g  of  DU. 


If  ^nto  oenpesitien  ex  »;U  ancter  ijveral  sust.a:  ii'rr  angirrs,  thT. 
tha  3or<»?d  of  *.h«ir  thrust  wita  tn«  work  in  th®  basic 
noda/cond.it.ion.s,  and  also  during  the  s;art iag/lauaching  ani  the 
d'*  SCO nn »c t? or  Tiust  h®  lew,  otnarwASP  app^i^ars  f-*?  large  parturb.fr  g 
■nooent/torgu®,  which  must  ba  cc apansa t ad ,  which  leads  to  the 
aooroprfate  losses. 


Dl  of  cowbat  afssiles  ausr  ailow/assume  long  shelf-lif*  during 
th*  significant  cscilleticas/wiorations  of  the  temperature  of  the 
atmosohere,  including  with  ms  caargad/f illed  tanks.  In  th?  case  of 
the  emergence  of  *he  necessity  engxna  atarting  and  missile  takeoff 
must  be  provided  fntr  possioiy  taa  shoettr  time  interwal.  This 
ragulrement  requir“i®n*  has  spacAai  importance  for  strategic 

ballistic  missiles,  which  are  x'cuna  on  uninterrupted  standby  al«rt. 
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hrp  vary  ap-^c'.'^c  reqairaajucb  fcr  tr.'  rcck-r  'ngfi-^s  space 
v^hirlas.  '“'or  '■^\  on^’inal  is  the  susPai.iar  ®r.qir'=  of  multipurpose 
'lesiyr.a^ ion/ourpose .  It  nust  ai iow/assame  tha  possibility  of 
mu?t' oly' ng,  ir.clulirg  cf  afcarwara  prolcngad  (cf  up  to  stv-arai 
■''-ar')  fligh-  i-i^r  s-'ac*:  uri'lar  coaaiti>r:S  wa  itH- l-^sr  i-s  - ,  a-’  t = 
possibility  of  a  significant  caiuction asror t  in  tha  thrust. 

Tha  exaiBola  of  iralti?urj>033  anainj  is  the  sustainer  angina  of 
th''  "Apollo''  soac-^craft^  wnich  is  uesijned  for  50 
incliisions/connacticns  with  tha  ganeral/common/total  duration  of 
operation  r*750  s.  This  engine  it  ^iroviles: 

1)  to  three  trajectory  corrections  of  ship  both  in  flight  to  the 
moon  and  during  return  flight; 

2)  braking  ship  during  the  ^^yzo^ch  to  the  aoon  for  the 
injactfor  into  orbit  of  tha  satailita  jf  the  incor  (t=360  s)  ; 

3)  a  change  in  the  original  elliptic  orbit  during  the  motion 
around  the  moon  to  th®  circular  (r*360  s)  ; 

«)  start  with  the  croit  of  ta*  satallite  cf  the  moon  for  the 
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fl'gh*:  to  th!--  Farth  (r=150  3),  jna  al33  sen®  o*h-='r 
operation  s/proc<?ssf?s . 


An  f>rror  in  thrust  iapui3a/BOir.f»nt jin/puls«,  cr'^at^'i  brak**  ar.'l 
cerractinq  by  ^ngiras  ct  KA,  must  La  low  for  tha  safeguard  of  th<? 

7"^  ralcula-ed  fl3c.l  speed.  Th'  dsv*a*'io''  of  tr- 
actnal  vain®  of  t''*.?  scc^d  frea  -cm.  calculated  -flust  be  snail  (ir. 
certain  cases  not  mora  than  ♦-J.CJS  m/s)  . 

Tha  constr ac*icr/design  or  tat  anjincs,  intend »d  for  the  landing 
of  KA  on  tha  surface  of  cthar  must  allow/assuma  conducting 

chemical  and  thermal  stetilizatioa  for  the  exception/elimination  of 
the  possibility  of  the  recording  or  terrestrial  microorganisms  to 
other  olanets. 


S  2.^.  “ihort  history  of  rocKet  enjxnss. 

Tha  first  rocket  vehicles  Mere  the  solid-ptcpAllop.t  rockets, 
invented  in  ancient  Chita.  Tna  tarst  in  th®  wcrld  scientific  design 
of  rocket  vehicle  for  the  oaanad  flight  proposed  Russian 
revolutionary,  meeber  of  '*Narodnaya  volya",  inventor  M.  I. 
Kibal'chlch  (1853-1881)  •  Being  located  in  the  prison  conclusion  in 

4 

Petersburg  for  the  participation  in  tha  atteapt  on  the  tsar, 
Kibal*chich  during  Hatch  1881  developed  the  "^sign  of  aeronautical 
instrument",  in  which  were  examined  tha  device  of  solid  propellant 
engine,  control  of  rocket  vehicle  ny  changing  the  angle  of  the  slope 
cf  engine,  programmed  combustion  oehavior,  the  stabilization  of 
vehicle  and  other  guestiens. 

The  bases  of  the  theory  of  cosmonautics  and  rocket  engineering 
placed  brilliant  Russian  Sovier  scxentist-inventor  -  pioneer  of 
rocket  engineering  and  ccsaonautics  K.  B.  Tsiclkovskiy  (1857-1935). 
In  1903  appeared  his  classical  aorx  "invastigat icn  of  outer  space  by 


DOC 


FACE  ^7 


jt?*  drives",  in  which  Taioi /to vsxxy  frou  th®  ®ngin®?ring  positions  for 
th«%  first  tia®  ’.■?ri7®2  the  laws  or  th?  mct'cn  cf  rocket  as  the  bodies 
of  variable  aass,  based  the  possaoalit/  of  th®  utilization  of  rockets 
for  th®  interplanetary  flights,  wer®  indicated  th®  rational  ways  of 
th®  d avalopB®nt  cf  missile  construction  and  cesmonautics. 

?or  th®  firs'^  tia®  an  ta  a  werid  Taicl kc vsk  ?  y  gav®  principles  cf 
th®  theory  of  liquid-pro fellant  cockst  angin®s  and  wer®  indicated  the 
®l®mnnts  of  th«ir  const ruction/design .  3y  it  they  were  examined  and 
recommended  to  the  utilization  darrereat  fuels/propellants  for  ZhUD, 
As  th®  oxidizers  it  planned  to  use  liquid  oxygen,  ozone,  nitrogen 
pentoxlde,  whil-a  as  the  fuel  -  liquid  hydrogen,  methane, 
hydrocarbons,  benzene,  gasolins,  turpentine  and  other  substances. 


Constant?  n«  Eduardovich  Tsxcllco^s^iy. 

Page  41. 

In  the  wort,  published  in  1911  145,  pg,  89-90],  Tsiolko vskiy 
indicated  th<*  advantages  of  nha  urilizaticn  of  nuclear  energy  in  th 
rockat  engine.  In  the  saaa  worjc  Tsiol kovsJciy  wrote:  "It  can  be,  wit 
the  aid  of  the  electricity  it  will  ba  possible  to  in  the  course  of 
time  with  give  enormous  speed  to  tae  ajacted  frcm  the  jet  drive 
particles, ", 
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?irst  ZhHD  (although  loa  oizea/iin^nsicns)  wer»=  cr^at^d  and 
t^stad  Anarican  thav  were  sciea-citic,  one  cf  the  picnears  of  rocket 
technicians  by  S,  Goddard  (13a2-1i<*5)  . 

Experiments  with  the  oxyg^sn-aydcccarbcn  liquid  propellant 
Gcddard  bagi.nninqs  in  1920,  and  tins  bench  ■*-ast?  of  zh?D  cn  th- 
oxvgan-et her/ester  fuel/propaliant  -  in  1921,  16  narch  ^  1926  in 
Wooster  Goddard  produced  the  first  starting/launching  of  the  rocket 
with  ZhRD  (fuel-liqu?d  oxygen  ana  gasoline) ,  which  reached  the 
altitude  cf  12,5  in;  the  flight  lasted  2.5  s. 

It  is  earlier,  in  1919,  Goddaxd  published  the  took  *'/K^thod  of 
achieving  the  extreme  h. eights /altitud as ,  in  which  he  presented 
theory  and  design  concepts  of  multistage  rocktts.  In  1923  the 
questions  indicated  were  examined  ny  Garman  scientist,  one  of  the 
founiars  cf  rocket  engineering  and  cosmonautics  by  G.  Oberth  (born  in 
1894)  .  In  1929  Tsiolkcvskiy  punlasned  tha  work  'Space  multi  stag® 
rockets",  in  which  he  developed  diagrams  and  theory  of  multistage 
rockets  f  45  ]. 

One  of  the  pioneers  of  rccicat  engineering  is  Yu.  v.  Kondratyuk 
(1997-1942) •  In  1919  in  the  woex  "ihat,  who  will  read  in  order  to 
build"  it  it  developed  nunbac  of  tan  basic  ptebleas,  connected  with 
the  space  flights.  In  the  theoretical  studies  "Conquest  of 
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In* planetary  spaces",  fuoliantd  if.  1)29  in  Movnsifci.rsic,  Kondrai y u K, 
without  knowing  about  the  works  ox  Ts iol kc vs kiy ,  originally  derive! 
the  fundamental  eguaticns  ot  "njtxon  of  rocket.  In  Kondratyuk's  works 
are  examined  the  theory  of  multistage  rockets,  the  economical  landing 
of  rockets  on  the  planet  witn  tne  utilization  of  atmospheric  braking; 
'-fondratyuk  proposal  flj^hts  co  tnc  moon  and  th-^  plan-^ts  with  th-= 
in  lection  into  orbit  of  tnair  artiiicial  satellite  and  th*  subsequent 
department/separation  of  taneoff  and  landing  spacecraft  as 
energetically  advantageous.  Furthermore,  by  them  are  proposed  as  the 
fuels  for  the  rocket  enginas  sons  metals,  metalloids  and  their 
hydrogen  compounds,  for  example  aydroboride  [20]. 

Large  representative  of  tna  Soviet  schcol  of  mjssile 
construction  was  scientist  and  inventor  F.  A.  Tsander  [  1887-1933).  He 
as  early  as  the  student  years  studied  the  transacticns  of 
Tsiolkovskiy  and  he  was  interested  in  questicns  of  space  flights. 

Page  44. 

In  1924  Tsander  published  in  tae  journal  "technology  and  life"  the 
article  "Plights/passages  to  other  planets",  in  which  he  presented 
its  basic  .idea  -  the  ccmbination  of  rocket  with  the  aircraft  for  the 
takeoff  from  th«  Barth  with  thj  suoseguent  ccmbusticn  of  those  olaced 
by  the  unnecessary  ones  cf  metallic  parts  (for  example,  the  wings  of 
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I  a’rcra"*:  an  i  talks  aft<=r  tae  pccdaction/cc  nsusnction/gen  rC aticn  of 

,l  prop?llaat  co rnncn^^nts)  in  tea  chrust  chaaiber  for  an  increase  in  the 

flying  range  of  rocket  [^4J.  Siaca  1924  Tsander  studied  the  idea  of 
solar  sail,  for  the  first  tiae  expressed  by  B.  Krasnogorskiy  in  the 
novel  tion  th®  waves  cf  sthar/ester"  (19  13). 

In  1930-  193  1  'Tsancsi  consrtucrrd  and  ‘•est  =  '’ 
air  with  the  gasclin®  tne  firsc  jat  angine  OR-1, 
thrust  from  1420  f145  gf  ]  and  aora. 

One  of  the  pioneers  of  roexat  engineering,  who  made  the  basic 
contribution  to  the  develcpmant  o£  Soviet  engine  construction,  is 
academician  V.  P.  Glushkc  (it  was  oorn  in  1908).  Beginning  with  1924 
Glushko  it  publishes  the  serias/nuaber  of  popular  science  and 
scientific  works  on  •^he  cosmonautics. 

'  On  15  Hay,  1929,  on  Glushxc's  proposition  in  the  gas-dynamic 

laboratory  (GDL)  ^n  Leningrad  was  organized  first  group,  and  then 
section,  which  began  the  creati.cn  of  alectrical  and  liquid  propellant 
rocket  engines. 


ir.  th',  co.tprsssid 
which  levaloced 


Glushko  -  builder  cf  tha  first  in  the  measure  electrothermal 
rockat  engine  (Fig.  2. la) which  was  by  it  theoretically  developed, 
constructed  and  tested  in  GDL  in  1929-1933.  Engine  consisted  cf 
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cha  mb  (»r /camera  with  *h®  nozzle,  intc  which  with  special  mechanism 
were  smplied  the  metallic  wiras,  which  simultaneously  serve!  as  the 
cor'’uc*or  of  electric  currant  and  ds  wovkir.g  raediua/propellant.  wires 
explodal  with  the  electric  currant  (pulsed  discharges 
caDacitor/condenser) .  The  cerming  vapors  cf  metal  flowed  out  behind 
nozzle,  cr'=eti’'7  thrust..  I;i£ti<:.d  cf  th®  wfr^s  .into  th^ 
cha.mh  er/camera  ccild  be  suppliad  through  in  j?ctcr-e  lectrodes  th" 
streams  of  the  “lectrc-ccnductive  ifguids  (mercury,  electrolytes), 
which,  also  exploded  in  tha  cnaiater/ca mara  with  electric  current. 

In  19.30-1911  under  the  aanayamen t/man ual  of  Glushico  in  GDI  was 
develooed  and  constructed  first  «xperimental  ZhRD  0B!1-1  (experimental 
rocket  motor)  (see  P.ig,  2.7b).  It  tested  cr.  nitrogen  tetroxide  and 
‘■oluene,  and  also  on  liquid  oxycea  and  gascline,  moreover  in  the 
lat*er  case  it  developed  thrust  tc  196  n  [20  kgf  J. 

In  1930  Glushko  he  proposad  also  subsequently  investigated  as 
the  components  of  propellant  ZnBD  nitric  acid,  the  solutions  of 
nitrogen  tetroxide  (nitric  tatrexide)  in  the  nitric  acid, 
tetranitrome+hane,  peroxide  of  hydrogen,  perchloric  acid,  berryllium, 
three-component  fuel/prcpellant  -  oxygen  with  hydrogen  and  beryllium, 
powders  with  the  dispersed  bacyliium.  In  Glushko's  the  same  year  were 
developed  special  (shaped)  nozzle  an!  heat-insulation  coatings  from 
zirconium  dioxides,  applied  co  tua  internal  chamber  wall. 


7,  F,  GlushKC* 


2RD  (1929-1933 
gO  (1930-193  1) 
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It  f  r.  ODl  was  craatted  tha  family  of  ZhRD:  from  OSM, 

GRM  -I  to  0!?M-'52. 

During  September  1931  in  iloscow  with  th»  central  council  of 
Osoaviaxia  of  ^he  DSSR  was  created  the  group  cf  the  study  of  reactive 
ffiotion  (SIRO  iFIIPiL’  —  Ircup  for  ta«  study  cf  Jet  Propulsion'')  -  ■‘■hr 
Dublic  orgar.i^ati  or  ,  whica  cosoineu  t  hs?  enthusiasts  of  rocketry. 

Durinc  Jan®  1992  the  sciution  cf  the  presidium  of  the  central 
council  of  Osoaviaxim  in  Moscow  created  the  group  of  the  study  of 
reactive  action  (GIRD)  -  sciancitic  research  and  experimental  design 
organization  for  the  developaeat  ox  rockets  and  engines.  Chief  of 
GIRD  assigned  S.  P,  Kctclev  (1906-1966),  who  made  the  basic 
contribution  to  the  practical  ccsaonautics. 

In  GIRD  the  crew  cf  Tsandar  developed  the  design  of  engine- 
installation  with  ZhRD  OB-2  for  boost-glide  vehicle  PP-1  (fuel-liquid 
oxygen  and  gasoline;  design  thrust  -  490  r  [50  kgf]). 

On  17  August,  1933,  on  the  poiygon/range  in  Nakhabino  in  the 
environs  of  Moscow  was  launched  created  by  crew  n.  K.  Tikhonravov 
rocket  "GIRE-09"  (Pig.  2.0)  -  the  first  Soviet  experimental  rocket. 
Her  engine  worked  on  liquid  oxygen,  supplied  to  the  chamber/camera 
with  vaner  pressure  cf  its  own  and  the  solidified  gasoline  which  was 
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Dlace  i  in  the  combusticn  cnaabar,  aevelope'i  thrust  2ii5-32^  n  [2^-33 
kqf  1.  During  the  Kaider.  flijht  the  rDcket  "GISC-og”  achieved 
h®?  ght/altrtud'*  apptcximacaiy  ‘♦uO  at. 

First  ZhRD  of  the  ccnstr uctior/d esigr  of  Tsander  (OR-2)  was 
nrcoar’l  n  GIPD  '  e  of  13^2.  "he  puoils  of  Tsander,  aft  er 

his  death  cortinuing  the  matter,  initiated  in  him,  reccnstructed 
®r.ain«  09-2  -  reo3.acod  gasoline  with  ethyl  alcohcl  for 
r^ducirg/desc^nd’ r.g  +■>'«  temparatuxe  of  gases  and  facilitation  of 
cooling;  introduced  ceraiic  lining  chambers/cameras  and  appropriated 
to  it  index  02  r  23  ]. 

Tsander  develop^d/processed  in  GIRD  fron  January  1933  also  the 
engi.n®  10-ZhPD,  which  had  to  worx  cn  liquid  oxygon  and  gasoline. 
During  August  1933  was  changed  the  ccnstructicn/design  of  engine  and 
gasolin**  was  subs'*’itut€d  by  alcohol.  On  25  November,  1933,  tcok  place 
the  first  launching/starting  of  created  GIRD  under  Korolev's 
manaqement/nianual  rocket  "GIRD-X"  with  engine  10. 

With  the  resoluticn  of  the  council  of  work  and  defense  of  the 
USSR  at  the  end  of  October  of  1933  ?.n  Hoscew  on  the  base  GDL  GIRD  was 
created  the  first  in  the  world  react! ve/reagent  scientific  research 
institute  (RNII  |(PHMH).  -  scieatiric  Research  Institute  of  Jet 
Propulsion  1)  . 
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Serg?y  Pavlovich  Kcrclfv. 

Page  47, 

The  chief  of  RMII  «as  assigned  I.  T.  Kleymenov  (1898-1938),  assistan*. 
-  S.  P.  Korolev,  and  frca  January  1934  -  G.  E.  Langemak  (1898-1938) . 
The  collective  of  8NII  wcrJced  on  all  basic  problems  of  rocket 
engineering,  maintaining  close  connection  with  Tsiolkovskiy. 

The  collective  of  the  specialists  in  ZhRD,  which  grew  in  GDL, 
developed  in  1934-1938  in  RNIl  a  series  of  experimental  engines  from 
0R!1-53  to  0Rn-n2  for  the  work  cn  nitric  acid  and  tet ranitrcmethane 
as  the  oxidizers  and  the  first  soviet  gas  generator  GG-1  cn  the 
nitric  acid  with  the  kerosene  and  rhe  water,  that  produced  by  hours 
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nir*?  JAS. 

Zh?D  09**-oS  (Pii.  2.?)  ,  iiw<uxcpi»  i  Lr.  ♦■h”  ?vii  ar.  !  which  pa:is^  1 
official  t^sts  ^r.  wae  thj  «€&*■  hiihly  'Isvalop^d  of  ihat 

♦•1  fa®,  ri  worke'l  on  ♦■h®  ritric  acia  and  c  ha  '<«rcsf  n®  and  pro»id®  i  a 

ch  a  r  3  e  i  •’  *■  h  ^  ^  *  '  r  c  c  •  <  2  a  ^  v.  '  f  1  *  '  1  7  ’  ^  -  r  i  S  <  :  f  * . 

-c^cific  fir.'rr  cc^ic^-l  'i«3/:<7  r  217-21'^ 

■^r.  Tina  al  lowp  l/assuaad  cocn  aaxiuax  and  autoaatrc  sf  artin^/launchir.j 
an’.  w®r<a  withstood /n air tainad  rap<ai’‘£d  (tc  50)  h^noh  t^sts  with  th« 
T®noral/coanor./total  dyraticn  zc  io  nin. 

The  collective  cf  BNil  craatec  tha  series/ number  of  experimental 
ballistic  and  winged  missiles  and  engines  to  them.  In  1934-1938  were 
modern  the  flights  of  xany  rockets.  In  1939  wer#-  carried  o<it  the 
flight  tests  of  the  cruise  missile  of  212  construct ions/dasigns  of 
Korol®v  with  engine  OP^-fco,  waile  in  li.17-  1  530  -  ground  tests  of 
rocket  glider  9P-319  cf  the  ccastructi jn/dcsi gn  of  Korolev  with  the 
same  engine,  on  28  February,  1940,  pilot  V.  P,  Fedorov  completed 
flight  on  thi.e  rocket  glider  with  engine  FDA- 1-150. 

eJi 

In  1942  took  place  pilct  G,  Ya.  Banh^vivandxhi’s  flight  on  the 
first  Soviet  rocket  aircrart  BI-1,  on  which  was  established/installed 
that  developed  in  th®  FSII  ty  L,  :>.  Dujbkin  ZhPC  D-1-A-1100 
(f u®l/T>ropellant  -  nitric  acid  and  kErosete;  rated  thrust  10788  n 

n  no  k  7f  1) . 
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?i7.  2.  ft.  "ock^**  «;iPC-C9". 

Paqe  4^, 

Job  sup«ciQt«ndent  cn  ZUBJ  ia  GDL  Glushko  continued  this  work  in 
th*  UNir  (1934-1918),  Curing  tais  period  epceared  of  Glushko's  book 
th"  '•rockets,  their  dewice  aad  use/applic»t ^on"  (to«3ether  with 
Lanaeaak,  1935)  [24]  ard  '•liquid  propellant  for  the  jet  engines" 
(191fi)  [12], 
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It  1939  w*ts  cr-'a^ed  tha  indapcrdeat  crgarization,  Mh?.ch  gr-^w  ic 
194  1  into  <»xp»rl Mental  dasign  ocraiu  (3KB)  of  ZbPD. 

In  tha  40*s  OKR  dcvalopad  th«  faaily  of  aircraft  ZhRD  (RD-1, 

«A 

pn-lfZ,  PD-2,  PD-3)  w^tn  tha  paip  re?a  ( f u * l/crcp«l lant  -  nitric  acid 
ard  lt«ros«n^)  .  Eng-'nes  proviiad  BiaitipLyings  with  a  change  ir  th® 
thrvist  ir  th«  Earth  frca  274J  a  [  JOO  Icgf  ]  ^o  8829  n  [  900  kgf  1. 

*th 

Enqinas  RD-1  and  RD-1^f7  undarwant  b^nca  firishirg  and  official  tasts, 
and  in  1943-1946  -  about  400  jrcunc  and  flight  tests  on  aircraft  Po-2 
of  tho  ccnatruction/dosign  of  V,  a«  Petlyakov,  La-7B  and  120R  th<» 
const ruction/daaign  e£  S*  i.  Latocbkin,  Ink-3  the  construction/dasi gn 
of  A.  S«  Takovlevy  Sa-6  and  the  cocstruction/design  of  P.  o. 

Sukhoy, 

Qualitatively  new  dovclopaani  stag^  of  rccket  engineering  was 
begun  after  the  Second  ucrld  uar  in  tha  USA  and,  especially,  in  the 
USSR. 


Soviet  specialists,  beginning  vita  1947,  developed  several  ten 
types  of  poverf ul/thick  ZhBO,  which  bad  extensive  application  on  tha 
rockets  of  different  dealgnatlcn/purpose. 
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To  a  number  of  these  enyiaas  they  relate  ZhPD  RD-107  (»ig.  2.10) 
and  RD-108.  Th^y  were  establisaed/irstai led  respectively  to  first  and 
second  stage  of  the  rocket,  with  the  aid  of  which  was  launched  on  u 
October,  1957,  the  first  in  the  world  artificial  Earth  satellite.  By 
this  starting/launching  was  estaoixshed  the  beginning  of  the  space 
age  in  humari+-y's  history. 

ZhRD  8D-107  and  RD-108  were  appliad  also  in  the  three-stage 
carrier  rocket  '^ast"  (Fig.  2.11). 

on  12  Aprfl,  1961,  with  the  aad  of  the  carrier  rocket  •’east'*  was 
realized  the  first  in  the  world  flight  of  the  citizen  of  the  USSR  TO. 
A.  Gagarin  aboard  the  "Tcstok"  spacecraft  on  the  orbit  cf  artificial 
Earth  satellite. 


DO''  a 


??G£ 


Valsntlna  Petrovich  Gl'ishxc. 

Paq“  Ul.^hRD  PD-21'*  and  BD-119  (/-g.  2.12),  d'^v^lopgd  5n  1952-  1957 
and  1959-1962  r^sp'^ct 3  vely,  ari  e^tablished/installed  tc  th«  carrier 
rockat  ''Kpsaos",  M3th  the  aid  of  cbis  rocket  is  launched  a  large 
quantity  of  investigat icn  sateliates. 
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?i;J.  2.'?.  ZhPD  ORr-6‘i  (G 


sajiiis  ur.darwer.t  c^'ficial 


‘sts  in 


Basic  data  of  ZhPD  PD-1C7,  HD-1C8,  PD-214  and  RD-119  ar«a  brought,  t 
tho  giv«n  b*alow  tabl«. 
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(.)  i  U^KoMnoHeHTM  Ton.~,nBa  / 


>KPi 

PaKera* 

HOCHTftRb 

i  nffA  ■  Krie^K 

OKMcaHTejb  fopioqee  I - i - 1  T 

1  Ki  1  k: 

1  '  Csj  [  \ 

PiI-!07 

.Boctok*, 

nepBas 

ctyseHb 

_ aj— 

i  1  i  ' 

!  i  1  ■  ' 

kS>pm  1  !  3079  314  1000,  ;0J 

Ooj  \  0-'  .  ;  j  i 

.  Pi- 108 

1 

.EJoctok*, 

BTopaa 

CTNTieHb 

_ 

70*6'  .  [  3(Jt.o  3:5  04;- V- 

Ov 

1 

1  ! 

I  1  .KocmocV 

PJ-214  ■  nepBaA 

j 

'  !  ( 

I 

AaoTHO-  :  npoflVKTbi 

0^)  ■  C^J 

pa-u9 

*  BT^  '  j  ?<"««>««  !  3432« 

j  ««'“'»» !  f-™  i 

1  1  i 

1 

! 

352*  j  losin 

Kpy:  (1).  Rocket  5.s  carrier.  (2).  PrDp=llar.t  coiponents.  (3). 
Oxidizer.  (4),  ccabustitla.  (5).  iM»s.  (5).  kg«s.  (7).  kn.  (8).  kg, 
(9).  "fast",  first  stage.  (U).  Liquid  oxygen.  (11).  Kerosene.  (12). 
"Cast"  second  st®p/stage,  (13).  Tae  saas,  (14).  "j^psaos"  first  stage. 
(1*5).  Nitrogen-oxygen,  (16).  Ccnvextsd  products  of  kerosene.  (17). 
"iCosaos"  second  step/stage.  (Id).  Liquid  oxygen.  (19),  nnsyaaetrical 
diaethyl  hydrazine. 
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FOOTNOTE  Highest  specific  iapuise  in  th?  vacnum  amcng  the  known 
“ngines  of  this  class,  which  work,  cn  thi  nitric-acid  oxidizer  and  the 
hydrocarbon  fuel, 

------  »,  Highest  specific  iapalts  7acuu'ii  for  the  oxvgen 

“ngin«*s  of  these  using  the  higa-i)--lir. j  fuel. 


Fici,  2.10.  Sovi^'^  oxygen-icerosane  zbRD  30-107  "Vcstok”  with  thrust 
F,=  1000  bf  kr\  [102  7]  and  specxiic  iiapuls«»  ^^2»”  3079  N»s/)cg  [314 
Vg*s/)t7l  (1954-1957):  1  -  staeriflj  chaaibars/canicras ;  2  -  unit  of 
fluctuation  and  delivery  of  oxidizer;  3  -  conduits/manifolds  of 
oxidizing  ag^nt  of  steering  chaabers/caaatas;  4  -  simulated  brackets 
(constructions/designs  cf  engine  axe  absent)  ;  5  -  basic 
chambers/cameras;  6  -  power  frame;  7  -  gas  generator;  9  -  housing  of 
heat  exchanger  on  turbine;  9  -  inraka  pipe  of  pomp  cf  oxidizer;  10  - 


HII^P  PAGE 

cf  fu®l  runip;  11  -  fr^ssurs  sansor  in  combustion  chamber; 
valv^  of  oxidi2or;  1i  -  cxidizar  pip^s;  14  -  main  valv»  of 
-  fu®!  pip^s. 
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thrust  '"n=  10'^  kn  [1i  l  J  aad  s^-icifir  impuls®  /  -  -  34  5  2  N  •s/kvg 
r  352  kg*s/kg]  (1958-1962):  1  -  statring  nozzlss  of  pitch  (sf-cor.i 
rozzl®  from  oppos't**  side);  2,  13  -  straring  nozzles  cf  course;  3,  15 

-  steering  nozzles  of  tanic  (saccnd  pair  of  nozzles  frcn  opposite 
side)  ;  1*,  5,  11  -  gas  distributors  rfith  aiactric  drive;  6  -  comtusticn 
chacber;  7  -  cvlir-i*="r  fcr  cciopressed  air;  B  -  turbocuinn  uait;  9  -  aas 
aenorator;  10  -  power  frame;  13  -  mounting  ring  of  the  steering 
system  (’ n  the  ccr.struction/design  cf  engine  it  is  absent);  1“*  - 
removable  silencer/plug. 

Page  52. 

On  16  July,  1965,  was  produced  the  starting/launching  of 
artificial  Earth  satellite  "Protca  1”.  The  carrier  rocket  of  system 
"proton”  is  capable  of  tearing  several  times  the  large  mass  cf 
payload,  than  carrier  rccKet  'Itast". 

On  the  carrier  rocket  ox  sisttm  'l^oton”  are  used  newly 
developed  powerf ul/thicX  highly  exticient  ZhBD,  made  in  the  most 
modern  diagram  and  which  differ  in  farms  of  low  dimensions  and  high 
reliabi  lity. 

In  connection  with  40-  yaar-annl vatsary  GDI  and  grown  from  it 
experimental  design  bureau  (1929-1969)  in  Leningrad  on  the  buildings 
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of  main  shipyard  anti  Icanno^skij  ravelin  of  the  petropavlovsk 
stability  wher®  in  1932-1933  «as  plarei  -gas-dynamic  laboratory,  were 
establlshed/5  nstalled  meBorial  (Fig.  2.13). 

Development  of  missile-spac**  technology  in  the  USSR  led  to  the 
creation  cf  the  new  creative  cclibctives  whcs®  srecialis^s  developed 
a  whole  series  of  interccctiaeatal  roexets,  carrier  rcckets,  space 
vehicles  and  ships. 

The  basic  stages  cf  tha  aastery/alopticn  of  outer  space  are 
reflected  in  the  given  below  table. 


Ue.ib  tcocMMiecKoro  nodCTa 


3aa;cK  nepaoro  HC3 


I  SaoycK  nepaoro  HCKvccTaeHHoro  cnvTHMKa 
'Comna  '  (M) 


I  Bnepawe  KA  jocthf  .lynei 


:  SanycK  nepaoro  KA  a  cTopony  BeHcpw 


riepaiafl  noaer  leaoaeKa  na  KocMHMecKOM 
;Kopa0ae  no  opC.ite  MC3  / n\ 


a  CCCP 


12.4  61 


;  3anycK  nepaoro  KA  a  CTopoHv  Mapca  1.1'.  .62 


j  Blazon  KOCMOHaara  a  oiKpuroe  KOCMimec-  ;  .8.3  oo 

Koe  npocTpaacTao  i 


Bnepawe  KA  noctar  Beaepw  |  16  1;.' 


flepaaa  Miraan  noca-na  KA  aa  Jlyny  i  31  1.66 


16  1;.'5  He  •.i-vajecTB.icH 


SanycK  nepaoro  HCKvccTaeaHoro  cnyrHHKa  I  31.3  66 

_  0^)  I 


Bnepshie  KA  npoHsaen  HenocpencTseKHue  ■  p  r  6? 
H3MepeHHa  a  aTMoc(^epe  Beiiepbi  ojj  ! 


rTepaufi  ofiner  jlyHU  nocMMsecKiiM  Kopa6>  i  15.9.68' 
zeji  H  ero  aoaapameHHe  aa  SeMnio  ! 


riepaaa  cTaixoaKa  nanorapyeMbix  KopaO.ieA  16.1.69 
a  nepexon  KoCMoaaaroa  h3  Kopa6nn  a  Kopa6.ib 


30. 0.00 


10  8.66 


12.6.67  Heocvinccruaea 


2i..i:.oi 


Bnepaue  KA  coaepuian  nocanay  aa  Beaepy  I 
a  nepenaaan  c  ee  noaepxaocTa  aaipopMauato  ; 

_ i 


Marxan  nocanaa  Kopaflna  aa  Tlyay  c  aoa- 
apamenaeM  aa  Beiajiio 


nocanaa  aa  Jtpiy  aaroiuTRaacKoro  ca>  I 
Moxonaoro  anna  para  (nyaoxona)  j 


17.8  70 


10.11.70''  He  OC 

. 
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Key:  (1)  .  Target:  of  space  fligat.  (2)  .  Date  of  launching  of  rocket. 
(3).  Starting/launch’ ng  cf  firs-  iSZ  [  -  artificial  earth 

satellite  ].  (4).  Start :rg/launc hang  af  first  artificial  satellite  of 

sun.  (S)  .  For  the  first  tiaa  KA  reacnei  th''  ?tcrn.  (f). 
Starting/launching  first  KA  to  saae  of  Venus.  (7).  saiden  flight  of 
Tar.  abcard  spacecra*^*-  cn  orbrt  1^2.  .  S  ••  ar  t  i  n  ; '1  ?  unc  hi  n  7  first  KA 

tA  sid=»  rf  liars.  (9),  Ccsmona u c 's  exit  ir.io  oper  cut®t  soac-^.  (10). 
For  the  first  time  ka  r€ached  Venus.  (10a).  It  is  net  r«aliz“d.  (11). 
First  soft  landing  of  KA  cn  seen.  (12).  Starting/ launching  o^  first 
artificial  satellite  cf  noon.  (13).  For  the  first  tine  KA  tcck  direct 
n«asureinents  in  the  atircsphera  cr  Venus.  (14).  First  flight  around  of 
moon  by  spacecraft  and  its  rsturn  to  tha  earth.  (15).  First  nanned 
spacecraft  docking  and  transiticn/transf er  of  cesmenauts  fren  to. 

(16),  For  the  first  tine  KA  ccaplated  Landing  cn  Venus  and 
transmitted  from  its  surface  infcraation.  (17).  Soft  landing  of  ship 
cn  mcon  with  return  ♦0  the  earth.  (18).  September  of  1970.  (19).  July 
1969.  (20),  Landing  cn  aeon  autcaatic  self-ptcpelled  vehicle 

(Lunokhod)  . 


FOCTMOTE  Automatic  station  the  "Zoni-5".  ENDFCCTNOTE, 


FOOTNOTE  *,  Manned  spacecraft  ’•Apollo-d”  (with  three  cosmonauts 


nnc 
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ibriard)  .  BNDFOOTNOTE. 

FOOTNOTE  3.  DaT-?  rf  making,  i NUFCCiNDTi. 

FOOTNOTE  *.  Automatic  statioo  "Luna-16'',  which  ensured  for  the  first 

ti"e  ir  hnna^ity's  '".istciy  z.12  dutCTa'i'  sa.^plira  of  .locr.  occiir.i  an1 
its  delivery/prQCure.t*r.t  tc  ci-.a  edi-th.  BKDFCCiriCTE. 

FOOTNOTE  Nanned  ship  "Apcllo-ll",  waich  ensured  the  debarkation  of 
the  american  astronauts  Arosrrcry  ard  Aldrin  20  July  1969  to  the 
surface  of  the  mocn.  E NDFCOTNOIE. 

FOOTNOTE  *.  Autonat-ic  station  "iuaa-17",  which  ensured  for  the  first 
time  in  the  world  the  delivery/procurement  of  self-propelled  vehicle 
"Lunokhod-1"  to  the  surface  of  •cna  mooa. 

Page  54. 

The  successful  completion  of  tha  programs  of  automatic  stations 
"Luna-16"  and  "Luna-17"  indicatas  tha  beginning  of  qualitatively  new 
stage  in  the  cosmonautics  -  stage  of  aocomplishing  extremely  complex 
space  experiments  wi+h  the  aid  of  the  automatic  machines.  Automatic 
stations  are  very  effective:  fulfillinq  in  essence  the  same 
functions,  as  the  manned  ships,  such  stations  they  have  smaller 


noc 


/;*/ 


Pig.  2.13.  Henorial  panel  (bronze^,  eszablisbed/installed  on  the 
building  of  the  loannovsiciy  cavelxn  of  petrcpavlcvsk  stability  i 
Leningrad. 


DOC 


PAGE  /X^ 


Payp  55. 

Chapter  III. 

'FORKING  MRDIO  VP90PFLL  ASIS  Cf  SOCKET  2MGINES. 

S  1.1.  General  characteristics  and  tha  class! ficaticn  cf  workinq 
med 5 u«/ propellants. 

Concept  "Working  nediun  or  BD"  is  very  wide,  working 
■ediua/prcpellant  of  RD  is  called  tha  substance  (in  this  or  another 
stata  of  aggregation) which  is  used  for  the  creation  of  reacting 
force,  for  the  ingress  cf  heat,  tor  tha  drive  of  turbine  and  other 
engine  accessories,  etc. 

According  to  their  desi jnatioc/pur pose  working 
aediuB/propellants  of  PD  are  sukoividei  intc  the  bases,  th<» 
starting/launching  ones  and  the  aaaitional  cnes  (Pig.  3.1). 

Basic  are  called  the  working  aediia/prcpellant s  on  which  RD 
works  basic  tia*,  creating  tnrast  by  the  rejection  cf  exhaust  jet. 


Exhaust  jet  is  the  flow  of  working  aedJua/propellart  or  reaction 
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products  of  initial  worxin'j  aadiua/pco?^ilants,  moroovor  substance  in 
exhaust  jet  by  5ts  state  of  jitejc-ticu,  cheuical  ccapositicr.  and 
oaraseters  usually  differs  si jniiicantiy  frcm  initial  working 
■ediuB/propellants,  which  ara  iccated  in  the  tanks  cr  the 
chaaber/caaera  of  SD. 

Starting/laurch' ng  worxing  aaciu m/propellants  are  used  during 
th.o  start  ing/launch  irg  cf  SD  (in  tno  initial  period).  They  are 
necessary;  for  example,  for  the  starting/launching  cheaical  9D,  if 
basic  prcpellant  ccaccnents  ara  not  capable  cf  in dapendently  entering 
into  the  reaction. 
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Piq.  3,1.  G«p.^ral/coiBBcn/total  classification  of  working 
ladiuB/propellants  of  PC, 

Key:  (1).  working  aediuB/prcpailaats  of  RD.  (2).  Basic,  (3). 

Start  inq/laanching.  («)  .  Additxcnal.  (5).  Sclid.  (6).  Liquid.  (7). 
Gaseous.  (8).  Being  low-bcilxnj.  (9),  aigh-boiling.  (10).  Cryogenic. 
(11).  Moncryogenic,  (12).  working  aieiiia/propellant s  of  short-tiae 
storage.  (13).  Working  aediun/propellants  of  prolonged  storage. 
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additional  ones  iuciuda  chf  worxinj  apJ?  uoi/proppllants, 
which  ensure  the  w-jrk  c£  rurbiae,  tank  prassarizaticn,  the  3cav=‘ngir.g 
cf  chamb®t/ca»«ra  and  ccnduics/aanxfol is ,  opening  and  closing  valves 
and  another  work, 

Furthermore,  working  m  aaiaj/pi ''gallants  s'ihdiv\’  ■  ^7 

fellows. 

1.  Working  mp'^ium/propallincs  who?a  chemical  energv  is  'js®d  in 
PD,  i,9.,  component  cf  chemical  iael/propellant.  They  are  examined  in 
§  1.2  and  1.6. 


2.  Working  medium/propeilants  whose  chemical  energy  is  not  used 
Ir  PD  (Fig.  3,2)  .  They  are  not  toe  source  of  heat.  Therefore  their 
selection  produce  only  cn  the  oasis  of  the  condition  the  most 
complete  conversions  of  the  heat,  appliad  tc  the  working 
medium/prcpellant  frem  without,  into  tae  kinetic  jet  energy.  Table 

3.  1  gives  the  properties  ci  such  working  mediura/propellants  (inert 
gases,  alkali  metals,  etc.}. 

As  working  medium/propellant  of  PD  can  serve  alsc  high-pressure 
compressed  gas,  preliminarily  charged/f illed  into  the  engine  chamber 
and  which  escapes  in  the  process  or  its  work  behind  the  nozzle. 
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Dus  to  the  initial  sta-e  or  aygre/aticn  working 
aediun/propellants  of  PC  can  Pa  solid,  liguid  and  gaseous. 

On  the  temperature  range  nhe  retenticn/preservations/maintaining 
liquid  stats  liquid  working  me Jiuji/pr opellants  subdivide  into  those 
high-bciling  and  b''?ng  Icw-boiiinj. 
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I _ _ 


Ffg.  3.2.  The  classx f ic atioa  of  tat  '/oriting  mediu m/prcpel lar.ts  whose 
chemical  energy  is  net  used  in  Hi). 


tr'  H  ^  ^ 

Key:  (1),  Working  mediun/protieilaats^  (2).  Electrically  neutral.  (3). 
Having  electric  charge.  (4),  Net  freheited  in  RD.  (5).  Prehaated  in 
HD.  (6).  Without  change  in  stats  of  aggregation.  (7).  with  change  in 
state  of  aggregation.  (8),  Not  ionized.  (9).  Ionized,  but  as  a  whole 
electrically  neutral. 
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Table  3.1.  Soiae  properties  or  worKirj  me  diu  m/prcpel  lants  [35],  f  37  I. 
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Key:  (1),  Is  work?.iig  facdy.  (2).  Catbiaical  formula.  (3).  order  number 
of  element/cell,  (d) .  kg/kacie.  (5).  in  the  liquid  state.  (6).  in 
solid  state.  (7).  kg/a^.  {8).  at  aoraal  pressure.  (9).  ionization 
potential  of  atom  eating 

FCOTKOTE  »,  eV  -  electron  volt;  1  eV  =  1 . 6  02  1  •  1 0*** ’  joule  (3.a276»10 
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cal.)  .  ZXDFOOTNOTE. 

(10).  Hilium,  (11).  wrth.  (12),  (dt  prissur?  of  25.5  bars).  (13). 
Noon.  (14).  Argon.  (15),  Krypton.  (16).  Xenon.  (17).  Nitrogen.  (18). 
Lithium.  (19).  Sodium.  (20).  Potassium.  (21).  Hufcidium.  (22).  Cesium. 
(23).  (24).  'l?tar. 

Pace  58. 


Tc  hfgh-boiling  relate  the  working  medimn/propollant s,  which 
under  operating  conditions  on  the  earth/ground  (at  the  normal 
atmospheric  pressure)  have  a  Poiiiag  point  of  higher  than  298®K 
(25®C),  i.e.,  they  are  under  normal  conditicns  liquid  [23]. 

Lew-boiling  are  called  the  working  medium/propellants  which 
under  standard  conditions  have  a  ooiling  point  of  lower  than  298ok 
(25°C)  and  are  gas.  However,  some  of  taem  can  be  employed  as  those 
high-boiling  during  th«  maintenance  of  a  comparatively  small  pressure 
in  the  tank  (for  example,  ammonia  NHj)  or  in  the  case  of  the  high 
freezing  point  of  working  nediam/prcpellant  (for  example,  nitrogen 
te+roxide  N^O^)  -  by  preheating  tae  tank. 

Low-boiling  working  medium  with  boiling  point  below  173°K  are 


s«»Darated  into  the  group  of  so-called  cryogenic  working 
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aed iu m/prcpellants.  They  include  tne  louerad  gases:  oxygen,  hydrogen, 
flucriro,  heliun,  nitrogen,  ate. 

The  high-boiling  working  jedium/propt 1 lanhs,  physically  and 
cheaically  stable  during  the  prclongrd  (of  up  to  several  years) 
shel-^-lifa,  calls  worker  by  tha  bocicS  of  prclcrgsd  storage, 
remaining  (and  first  of  all  cryegenir)  -  by  working 
ra^diu m/propellants  of  shert-tima  stccaga. 

5  3.2,  General  reguireaents  for  the  working  medium/propellants. 

The  general  reguixemenxs,  presented  to  all  working 
media B/prcpellants,  utilized  in  RD,  include: 

1,  High  density.  The  greater  the  density  of  working 
mediu m/propellant,  the  less  the  volume  of  capacity  cr  chamber/camera 
for  its  arrangeaent/pcsition.  rfith  an  increase  in  the  density  of 
working  medium/propellant  is  dectaased  the  mass  of  tank  compartment, 
which  raises  the  characteristic  velocity  of  rocket  vehicle. 


2,  Physical  stability  (staaiiity),  Working  body  is  physically 
stable,  if  in  the  range  cf  ambient  temperatures,  in  which  is  employed 
RD  in  the  composition  cf  rocket  veuicle,  is  provided  its  necessary 
state  of  aggregation.  The  usually  iniicated  range  encompasses 
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+:9n  p9  ra  turfi  from  213®K  £-60'^C]  to  3.13°<  [  ].  For  example,  solii 

f'i«l  RDTT  aust  not  be  scftaiiad  at  tlsvated  temperatures  of  the 
envircr.tn®n+,  but  loouid  prcpaliact  comooner.ts  must  rctair  th-ir 
ho moqer.eity  (not  to  he  exfoliatea),  not  'jive  solid  precipitation  and 
not  to  vaporize. 

Liquid  worhinq  mediua/propaliants  are  physically  staale  at  a  lev 
•♦■en  pe  nature  of  their  freezing  (or,  tnat  one  and  the  same,  melting) 
and  to  high  boiling  pcint. 

Page  59, 

The  use/aoplicaticn  of  wcrJciny  xedium/prcoellants,  which  do  not 

/?P 

possess  physical  stability  undar  conditions^raises  in  price 
construction/design  and  operation;  for  example,  in  the  case  cf 
applying  the  low-boiling  (especially  cryogenic)  wor icing 
ffled5.um/prcpellants  they  are  necessary: 

a)  the  heat  insulation  of  tanis  and  mains  cf  RD,  which  increases 
the  dry  mass  of  rocket  vehicle; 

b)  the  system  of  coding  for  aerraasing  the  losses  of  working 
mediu m/prcpellant  to  the  vaporization  prior  to  the  start  of  rocket 
vehicle,  or  the  system  cf  the  topping  of  tanks  for  the 
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CO nipl9t:.on/r«pl«?nj.shiEort  of  thd  loi>55s  indrcatC'i; 

c)  the  use/applicatioQ  cf  structural  materials,  which  possess 
sufficient  impact  toughness  at  low  temperatures. 

qu  ir^m^nt  for  tve  pnvsira^  o^ibilit''  cr  wcri^'r: 
me  iiu  m/propel  la  nts  is  sssantiai  in  essence  fcr  the  coxioat  aissil's. 
For  th®  carrier  rockets  cf  KA  and  rcr  K\  themselves  the 
usa/» pplication  cf  crvcgenic  working  aadiun/propellants  in  view  of 
their  high  effectiveness  frca  ether  parameters  is  net  cnly  justified, 
but  in  the  majority  of  the  cases  oy  optimal  version, 

3.  Chemical  stability.  In  the  wor<ing  medium/propellant  must  not 
occur  the  chemical  reactions,  wfcicn  laid  to  the  liberation  from  its 
composition  of  other  prcducts, 

4,  simplicity  of  storage,  transport  and  cp^’ration,  Working  body 
satisfies  this  requirement  if; 

a)  the  vapors  of  working  medium/propellant  in  the  mixture  with 
the  air  are  nonexplosive; 

b)  is  working  body  and  its  vapors  are  ncntcxic  (they  are 
nontoxic)  and  do  not  act  on  skra,  *yes,  etc.,  i.s.,  they  are  harmless 
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for  the  service  personnel; 

c)  workinq  body  dees  not  axpieds  inder  *he  inflner.ce  on  it  of 
impact  lead,  it  is  lew-sensitivity  to  iha  pel luticn/ccntaminaticn  and 
?s  net  aggressive  with  respict  to  tia  structural  materials. 

Furthermore,  wh'-n  selactiag  ci  worxin  :  m  t  in  .m/ f  r  cpell  ant  it  is 
necessary  to  cons^dar  its  cost/valus  and  aast^ry  by  dcmestic 
manufacture. 

The  working  oedium/propaliants*  usad  for  the  engines  of  KA,  must 
possess  lew  sensitivity  tc  the  ccsaic  radiation. 

i  . . . . 


Requirements  for  the  working  medium/prcpellants  depend  also  on 
the  type  cf  the  engine  in  whica  they  are  used, 

J 

The  f uels/propellants,  utilizbd  in  cheaieal  RD ,  must  provide  a  j 

large  quantity  of  heat,  isolated  with  the  course  of  the  reaction  of  | 

the  reaction  1  kg.  of  propellant  components,  and  the  low  molecular  \ 

weight  of  reaction  products,  moreover  it  is  desirable,  that  they 
during  the  motion  along  the  nozzle  wan  in  gaseous  state.  The 
fuel/propellant,  which  satisfies  these  requirements,  provides  the 

i 
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high  value  of  specific  jet  firing. 


Working  ni®aiuni/prcpellaiit3  noacheaical  thermal  RD  must  possess 
in  exhaust  jet  analogocs  vita  cheaical  8D  low  molecular  weight,  and 
also  lew  values  of  specific  neats  of  paasa  transformations  (melting 
'  vaporization). 


Th»  working  med.^u  ir/prop  jliants,  which  satisfy  these 
rv-Tiirements,  provide  the  high  values  3f  specific  jet  firing, 
moreover  for  its  work  proves  to  be  sufficient  the  presence  onboard 
the  la  of  a  source  of  taeraal  energy  of  a  comparatively  low  power 
and,  therefore,  relatively  small  mass. 


Page  60# 


The  first  requirement  is  important  for  all  types  thermal  PD,  the 
second  for  some  engines  does  not  nava  special  importance.  For 
example,  nuclear  fissicn  of  atoms  in  the  reactor  YaBD  with  their  lew 
general/common/total  mass  gives  a  significant  quantity  cf  heat,  and 
problem  consists  only  cf  working  body  receivinq  and  was 
abstracted/removed  heat  from  tae  mone  of  reaction  and  thereby  it 


provided  the  normal  operating  temperature  of  reactor. 


When  selecting  of  werking  medium/propellant  for  the  engines. 
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which  use  its  electrical  properties,  ace  considered  the  special 
f eatures/peculf.arities  cf  tha  ionization  of  working  mediuai/prcpellant 
and  subsequent  dispersa l/accaiataticn  of  its  electrically  charged 
particles.  For  such  working  aeiiuii/pcope Hants  they  are  necessary: 

1)  least  possible  energy  content,  necessary  for  th®  ionization 
(for  the  electron  detackieac  from  external  atca  shell),  i.e., 
possibly  lower  ionization  poteatiai; 

2)  high  electroconductiwity  in  tha  plasma  stats; 

3)  the  relatively  larger  lass  of  electrically  charged  particles 
so  forth. 

Are  very  specific  xeguireaents  for  the  working 
media  m/propellants  of  the  photon  engine:  the  products  of  their 
reaction  must  possess  the  ability  of  intensive  radiation/emission, 
i.e.,  initial  energy  cf  working  medium/propellants  must  most 
completely  be  converted  into  the  radiant  energy. 


THKORY  OF  THERMAL  ROCFFl  ENGISEi. 

Chapter  IV. 

Real  thermodynamic  processes  c£  eipanding  the  chemically  active 
(teactirq)  gases. 

5  4.1,  Reactions  in  the  chemically  active  gases. 

The  processes  of  expansion  occur  differently,  depending  on 
temp«rature  and  composition  or  gas  or  mixture  of  gases. 

During  the  expansion  of  cold  simplm  gas  (for  example,  hydrogen) 
in  it  it  does  not  occur  any  chemical  reactions,  i.e.,  the  composition 
of  gas  in  different  states  does  not  change.  This  gas  call  chemically 
inert.  However,  if  me  raise  the  tamperature  of  this  gas,  then  in  it 
begin  to  flom/occur/last  chemical  reactions,  which  it  is  possible  to 
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iudg^,  a^ter  conduct irg  spccTrai  analysid.  Frr  cxanrl^,  ip.  the  cas» 
of  haatir.g  hydrogen  tc  higa  (oOCJ^^a)  ifeaperatur®  ir.  Ya?D  ar.d  thanal 
type  EPD  in  its  composition  appaacs,  baoilas  mol'=c'ilar  hyirouar.  Hj, 
also  atomic  hydrogen  H, 

Ch.-arn'cal  r»acticr.  products  aa  ^ae  c-oambcrs /ca^'ras  ch?nical 
are  nhe  mixture  of  differant  gases,  heated  tc  3000- U500°K.  .\t  this 
high  temperature  in  the  oixtura  or  gases  occur  chemical  the 
reactions,  ¥h^ch  also  leads  to  a  cnange  in  its  ccapcsition. 

Gases  either  the  mixtures  or  gases,  in  which  occur  chemical 
reactions,  call  chemically  active,  cr  reacting.  In  the  process  of 
expanding  such  gases  the  reserve  ot  their  chemical  energy  is 
decreased  as  a  result  cf  its  partial  ccn version  intc  the  heat. 

Let  us  eiamjne  as  the  example  to  chemically  active  mixtur®  th^ 
fuel  combustion  products  in  the  caamber/camera  chemical  SD.  Into 
their  composition  enter  the  products  not  only  cf  comple  te  (HjC,  CCj, 
HP,  etc,),  but  also  inccmplete  coaoustion  (CO,  etc.),  cr  oxidative 
and  combustible  elements/celis  in  tha  molecular  and  atomic  form  (Oa, 
Hj,  D,  H,  etc.) .  It  should  be  notea  that  even  with  the  excess  of 
cxygen  are  revealed  the  products  ot  incomplete  combustion  and 
unreacting  combustible  elements/ceils. 
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Paqp  62. 

The  above  is  ^xclainea  Qy  tr.fc  rs  v  ic  sib  i  1  i  t  y  of  chemical 
reactions. 

\r't  r^'ic'^icr.  ^ds-s  cccirs  nr*- i-  *■  h- 

straiqht  lin®  an?  in  •*•!■€  CLfCsite  c'rejticr.  Per  exa.ncl-^, 
straiqht/direct  anl  re v€ rse/in v erse  reaction  cf  the  reaction  of 
oxyaen  and  hydrogen: 

H,  -4  0,  -  H.O;  H,0  ^  H,  O, 
or 

The  ooBpositier  cf  gasecus  nixture  dapands  cn  the  sceed  cf  cccurence 
of  the  straight/direct  and  ceva  cs^/- in  verse  reacticr.s:  if  forward 
reaction  has  high  speed,  then  tie  concentration  of  water  vapor  in  th 
reaction  gases  5.n  the  course  of  tin®  iacreases/orow s ,  and  at  the 
greater  rate  of  reverse  reaction  xt  is  increased  concentriticn  of 
and  Ofm 


For  further  calculations  is  ox  interest  the  exaaination  of  this 
state  of  the  fixture  cf  gases,  in  which  the  rates  of  straight/direct 
and  reverse /inverse  reactions  are  *qual  to  each  ether.  This  state  is 
called  cheoiical  equilitriua. 
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T',  ^  ch  11/  ^  T'li  lit  ci  aai  Jiixtura  cf  ijasfoiis  nrciucts  Is 

chan  ■‘r \7.  hy  hhc  fact  that,  la  spies  of  ths  course  of 
str»'  jh*’/fir*ct  ar.i  r« verse/iavarst  chsaical  reactiens,  its 
enmoosition  at  errstar+s  te  mpar  at  ui*»  aid  pressure  dees  not  change. 
Into  this  mixture  enter  not  ccij  tne  produces  of  the  complete  or 

nlo^o  raac^ioc  rf  iritiai  worker  :  aei  i  :  o/nron--»l  1  >r.  ts  ,  hut  also 
a  a®  nt  s/ce  1  Is  of  icitiai  werx-cj  i  iium/prcpel  larts  in  the 
molecular  or  a^oo’.c  ferx. 

The  reactions  as  a  tasuit  ct  ^hich  iron  the  products  of  the 
coaolete  teacticn  of  working  daaa/propellants  are  formed  tha 
eleaants/cells  of  initial  working  ®edii®/prcpellaat s  in  the  molecular 
form  or  from  the  eleirents/ceiis  ot  initial  working  medium/prcpellants 
in  molecular  form  -  atciic  sutstances,  call  the  reactions  of 
dissociation.  They  f low/cccur/iast  wita  the  ingress  of  heat. 

3'»sides  chemical  reactions,  it  tha  gaseous  reaction  products  of 
working  aed iu i/oropel lants  can  flcw/occur/last  phase  reactions  and 
reactions  of  ioniraticn. 

Phase  are  called  tte  reactions  In  course  of  which  changes  the 
stat»  of  aggregation  of  reaction  products,  namely  is  formed  the 
condensed  (liquid  or  sclid)  phase.  This  process  is  accompanied  by  the 


liberation  of  heat 
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Tho  condensed  substancs  ia  cottra>t  tc  gas  virtially  do‘=-s 

no-^  charigq  its  volume  nitn  a  caangt  in  the  teircerat ure.  Therefore  it 
cannot  accomplish  work  cf  expansion,  but  accepts  participation  in  the 
ohysicochemical  processes,  v<hicn  cak.a  place  in  the  reaction  products. 
Th  a  oonlansed  substar.c?  alwa/s  aakes  up  by  vaccrizaticn  or 
accumulatos  bv  condensation  tne  sai«e  sibstar.ee,  which  is  feurd  in  the 
vaporou-s  stat®  and  which  participates  in  the  reactions. 

Page  61. 

Therafore,  if  process  with  the  paase  rsactions  continues  at  an 
invariable  temperature,  the  partial  pressures  of  substances  in  the 
mixture  of  gases  always  are  aaintainad  by  invariable  cues  and  equal 
to  the  pressure  of  the  saturated  steams. 

The  reactions  of  icnizaticn  appear  during  heating  cf  gaseous 
products  to  th®  high  temperature  (ror  jxample,  in  the  chamber/camer a 
YaRD  and  ERO). 

As  a  result  of  reacting  toe  ionization  of  the  atoms  of  any 
chemical  element,  which  takes  the  ton 
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where  3 —  pos.rtivaly  char jad/xcaaed  i^n; 

e  -  •electron ; 

Eaoa  -  ionization  energy,  are  foraed  iens  and  electrons 
('.I'c-ror.  gas).  Th-^s*^  reacriens  occur  wirh  t ’■' =  •'ngr'^ss  ci  hoat. 

*>  4.2.  Detormiration  cf  tne  conpositioi  cf  chemically  active  gases. 

According  to  law  cf  mass  action  t.13  cheaical  reaction-  rate  is 
directly  proportional  to  tna  concentrations  of  the  initial  reactants, 
each  of  which  is  taken  tc  the  degcfee,  agual  to  the  stoichiometric 
coefficient  with  which  the  suPstaace  anters  into  the  equation  of 
chemical  reacticn. 

The  content  cf  separata  gases  ia  the  cempositien  cf  gaseous 
oroducts  is  expressed  ty  tneir  concentration  or  partial  pressures. 

The  equation  cf  chemical  raaction  at  is  possible  to  write  in  general 
form 

aM  +  dHri«.n  +  irC, 

where  ,1  and  H  -  the  parent  suostaaces  af  reaction; 


L  and  S  -  the  end  products  of  riaotior. 
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2/  c  arA  ’  -  s-cior.ioai -jtric  co  jf  r.-*- s. 

A'^coriinq  to  liw  of  mass  iction  trie  rate  of  straight  line  and 
rev^r  nvers®  r®ac-*-icn  can  oa  written  through  the  partial  pressures 
of  the  gaseous  substances: 

rfh=“re  I  ar.  :1  -  gropcrtionaliry  ractor  j;  rh'Ho  ”,  hay  call  oh*  rare 

constants  of  stra:  ih'^/direct  and  revarse/i  n  verse  reactions: 

Pm  and  Pn  -  partial  pressures  of  the  parent  substances  of 
reaction; 

At  and  /^c  -  partial  pressures  of  the  <»nd  products  of  reaction; 

Constants  Kj  and  Kj  or  different  reactions  have  different  values 
and  increase/grow  wi-'-.h  an  increase  in  temperature.  Consequently 
chemical  reaction  rate  also  jrows  oy  increase  cf  temperature.  For 
chemical  of  the  equilibrium  mixture  of  the  gaseous  substances 

^  nf~^o6p- 

Pacre  6a. 


Hence 


A  ph  _K2 
F-1  Pc  Ah 


=  K=f{T). 


l4.  1) 


or 
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Pa*io  Kj/K,  ’s  called  tna  Jxliariuai  ccnstant  of  the  reaction, 
exDr'*ss«d  throtiah  the  partial  ones  of  ihe  pressure  of  the  gaseous 
substances  of  r«acticn. 

S:;'iilihrian  ccnstar.ns  analcgcas  vL-h  -^n-:  reaction  rata  constants 
are  d-nternined  by  a  ■‘•yce  cf  reaction  and  by  a  ten  po  nature ,  at  which 
the  reaction  cccurs. 


rt  is  most  convenient  for  the»  thermod ynaaic  calculations 
(especially  for  calculations  ia  electronic  ccnputers)  tc  use 
eguilibriUB  constants  cf  tae  reactions  of  the  dissociation  twc-  and 
polyatomic  gases  to  atcaic;  chase  reactions  call  th®  reacticns  cf 
atomization. 


In  the  overwhelming  majority  charaical  BD  are  used  the 
fuels/propellants  in  which  are  included  the  fcllowing  elements/cells: 
oxygan  0,  hydrogen  H,  carbon  C,  nitrogen  R;  is  premising  the 
use/application  of  fluctine  P.  The  eguatiens  of  the  atomization  of 
the  combastion  products  cf  tneir  take  the  fcllcwing  form: 


O*- 

H,- 

OH^ 


20; 

HF  —  H-J-F; 

2H; 

N,  —  2  N; 

0  +  H; 

no’-*  Nd-0; 

2H4-0; 

CO-^Ci-0: 

2F; 

C0j-*C  +  20. 

(4.  2)  ■ 
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Values  of  the  equilibriam  cocs+’ants  cf  the  reactions  are 
introiuc^i  in  handborh  [15]. 

?•  4,3.  Effect  of  ten  pe  nature  and  pressure  on  th«»  iissccia'''ion  of  the 
nixture  of  gases. 

The  composition  of  the  chaaically  active  mixture  of  gaseous 
products  thermal  Pp  is  detarained  act  unly  by  the  composition  of 
working  madium/propellant  (for  chemical  HD  -  by  composition  cf 
propallant  components  atd  by  taeir  ralaticnship/ratio) ,  but  also  by 
the  conditions  of  the  course  of  tae  reactions  of  dissociation. 

with  a  temperature  rise  of  gaseous  products  their  dissociation 
occurs  more  intensive.  This  must  be  considered  during  the  thermal 
des:’gn  thermal  RD,  in  particular  during  the  determination  of  the 
temperature  in  the  chamber/cameta  chemical  HD. 

With  an  increase  in  the  temperature  in  the  chaaber/camera  cf 
heat  engines  first  of  all  dissociate  such  preducts,  as  HgO  and  COj 


with  forma*:!©!!  OH,  CO  H^/  0^.  <iirh  further  temperature  rise 
fiissociate  the  molecular  jases  and  fJz  with  the  formation  of 

atomic  gases. 

Page  65. 


AS  a  result  of  •*:he  ingrass  or  hea:  the  dissociation  in  the 
ch amber/caraera  chemical  RD  dacrea^fcs  the  total  quantity  of  heat  which 
is  isolated  in  the  presence  of  the  chemical  reactions.  For  example, 
the  combustion  products  cf  any  fuex/propellant ,  which  consists  of 
elements  C,  H,  0  and  N,  begin  nctaceably  to  dissociate  with  T>2500®K, 
moreover  heat  is  absorbed  so  intensively,  that  the  temperature  of  the 
products  of  combustion  cf  such  fuels/propellants  cannct  exceed  360C®K 
(in  the  absenc®  of  ddsscciation  it  could  be  considerably  above). 
However,  together  with  a  redact  ion/d  e  scent  in  the  temperature  of 
gaseous  products  dissociation  causes  certain  positive  effect/action, 
namely:  it  decreases  the  apparent  molecular  weight  cf  mixture,  since 
the  molecular  weight  of  the  foraed  gaseous  products  is  lower  than  the 
mass  of  the  initial  products  of  the  reaction  cf  dissociation. 

However,  in  whole  reaction  of  iissociacion  impair  the  characteristics 
chemical  RD. 


In  order  to  decrease  (to  suppress)  the  dissociation,  select 
elevated  pressures  PK(PK>100tai  r--100  kg/cm^  i)  and  such  ccmponent 
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of  fael/propellan t  ^he  reacticn  ^.toducts  of  which  •^ihey  hav“»  a 
com  pa  rati  vtf>  I7  lew  tonperatura  or  struts  with  r^.spect  to  th-a 
dissociation.  To  th«>  latter  it  relates,  in.  particular,  hylroqen 
fluoride  HF  -  reaction  ptoduct  cf  the  raaction  of  fluorine  and 
hydro gen. 

In  contrast  tc  chaitars/caseras  c.ieoical  ?C  disscciaticr  in  th^ 
chamher/canera  YaFD,  in  whica  is  isolated  a  significant  quantity  of 
heat,  it  is  the  positive  factor,  wnich  ensures  the  storage  of  greater 
energy  of  working  medium/prcpellact  at  its  liiiiit«>d  temperature  as  a 
result  of  the  increase  ct  cheaical  energy.  The  subsequent  partial 
conversion  of  this  energy  in  tns  process  of  expansion  into  the  heat 
leads  to  the  appropriate  increase  in  the  kinetic  energy  of  working 
medium/propellant  and  specific  jet  firing. 

§  4.4,  Equilibrium  process  of  axpandiag  the  mixture  of  gases. 

In  the  process  cf  expanding  tne  chemically  active  mixture  of 
gases  In  the  nozzle  cf  chamber/camera  thermal  FD  the  temperature  of 
mixture  descends.  Since  each  is  gas  mixture  tends  toward  state  of 
chemical  equilibrium,  then  in  tte  mixture  of  gaseous  products  during 
its  motion  along  the  nozzle  occur  tha  so-called  reactions  of 
r^'cerabinatien ,  which  are  actually  the  reactions  cf  turning. 


DOC 


FACE 


If  duri!\q  th«  disscciation  tnt  pare  of  fh?  heat  cf  qasocis 
oroducts  is  converted  into  toe  cheisical  anargy,  than  as  a  rssjlt  of 
raaeting  th^  reccmbina-'-ica,  on  the  contrary,  the  cherical  ®neny  of 
gaseous  products  partially  is  ccnvertal  into  the  heat.  The  reactions 
of  the  recombination  of  gaseous  products  compensate  to  a  certain 
*yt^nt  of  th*  exnond'ture  cf  t.ic  ^li;^  ’r*"  ca':  =  =  • 

lissociation  orior  tc  the  nezrie  ertry.  To-  i  neem  pl'^  te  reimo^ron  • t 
of  the  expenditures  indicated  is  explained  hy  the  fact  that  the  heat 
as  a  result  of  reacting  the  reccrpcinatlor.  during  the  motion  cf 
gaseous  products  along  t fce  no2zl6  is  supplied  tc  them  at  a  pressure 
less  than  Pk 

pace  66. 

As  a  result  of  th«  r accmbination  of  gaseous  products  during  the 
motion  nozzle  their  ccvfcsiticn  ccitinao usl y  changes.  In  this  case 
are  possible  the  follouing  cases. 

1.  In  process  of  expaading  gasesus  products,  during  which  their 
temperature  and  pressurm  aire  decreased,  composition  of  products 
changes  accurately  in  accordance  with  conditions  of  chemical 
equilibrium.  This  prccess  of  expansion  they  call  equilibciun.  It  has 
most  important  value  ir  the  thacry  thermal  BC,  since  in  most  of  the 
cases  the  real  process  cf  expansicc  in  the  nozzle  of  chamber/camera 
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is  jnost  close  precisely  tc  tne  fe^uiZibriun. 

Eiai librinn'  oxpansicr.  io  3nfer<;Pt ioally  most  advantageous,  since 
as  a  result  of  the  rpacticns  cf  recombinaticn  during  this  expansion 
most  completely  is  used  the  chauiccl  energy  cf  gaseous  products. 

The  equilibria:,  -recess  or  expansion  is  actually  expansion  with 
the  del  ivery  of  h«at  the  gaseous  produces,  the  curve  of  process  is 
arranged/locatad  '  r.  cc'^rdiaatas  r-v  between  the  curves  n=lc  (adiabatic 
process)  and  n=1  (isctaric  process) 

l<rtp<k. 

where  ■'^p  -  index  of  the  eguiliociuit  process  of  expansion. 

The  equation  of  the  equilibrium  process  cf  expansion  has  the 
form  of 

;n)"p  =const.  (4.3) 

2.  In  process  of  expaeding  reaction  gases  recombination  does  act 
flow/ occur/last .  This  process  is  called  maximally  unbalanced.  The 
composition  of  gaseous  products  in  this  case  does  not  change;  the 
oartlal  pressures  of  gaseous  products  are  decreased,  but  their 
relationships/ratios  resain  the  same  as  at  the  ncxzle  entry,  although 
the  temperature  of  gaseous  products  luring  their  motion  along  the 
nozzle  continuously  is  depressed. 
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The  naxioially  tinbalancei  gtcctss  of  expansion  in  the  absence  of 
hea*  exchange  with  the  chambar  Waiis  i»  completely  analogous 
adiabanic:  the  chemically  active  mixture  of  gaseous  products  behaves 
in  the  maxiaally  unbalanced  pcocesi*  of  expansion  as  chemically  inert 
working  body. 

As  can  be  se'^n  frcm  Fig,  4.1,  work  cf  expansion  for  the  process 
wi'-h  index  k  in  one  and  tae  saae  interval  of  pressures  is  less  than 
for  the  proc<»ss  with  the  index  ^p. 
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?'a.  i.''.  Cirv'*'’  '“f  ■*■]■*»  frccdss?:^  cf  t^e  ■naxlT-illy  'jr. ba lar.c-id  (‘1-2) 

and  .naxrnally  ®quilibr.'ua  to  Ct-^*)  axpaasicr  of  gaspcus  products. 

Page  67. 

During  the  maxiijally  unoaianced  expansion  gaseous  products  which 
escape  behind  the  nozzle,  take  awaj  with  themselves  the  entire 
chemical  energy  which  during  the  e«jailibriuB  expansion  is  converted 
into  the  heat.  Therefore  this  expansion  is  least  profitable  from  the 
point  of  view  of  the  energy  engine  characteristics. 

3.  In  process  of  expanding  reaction  gases  recombination 
flows/occurs/lasts  only  partially.  This  expansion  is  called  partially 
unbadanced;  its  curve  is  ar raaged/ioc atad  in  coordinates  p-v  between 
curves  of  equilibrium  and  maximally  unbalanced  cf  the  processes  of 
expansion.  It  is  depicted  in  Fig.  k. 1  as  dotted  line  1-2”. 


^  4.6.  Fundamental  equations  of  the  equilibrium  process  of  expandinq 
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th*  mixture  of  gasas. 

The  chamically  active  mixcore,  thi  being  mixture,  which  is  th» 
mixture  of  perfect  gases,  is  subject  tu  the  equation  cf  state  of  the 
perfect  gas 

—  =  A'-.r.  J.-; 

where  p^,  o,  •an'i  T  -  pressure,  density,  gas  constant  and  temperature 
cf  the  'mixtur®  of  gases. 

Gas  constant  Rt  is  connected  with  the  apparent  molecular  mass 
j«  with  the  following  by  re laticnshlp; 


Value  f*i'  can  be  determinad,  it  ara  known  oressure  the  mixtures 
of  gases  pz.  ,  partial  pressure  Pi  ana  molecular  weight  of  each  of 
them,  according  to  the  fcllowiag  equation: 

/»>! 

(4. 6 1 

tSi 

During  the  motion  cf  the  chemically  active  mixture  of  gases 
along  the  nozzle  its  ccmpcsitior  changes,  which  leads  to  a  change  in 
values  Ri  and  itr.  i.  e,  it  contrast  to  the  chemically  inert  mixture  of 
gases  /?i  /const  and  (ij/ const. 
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Par  tho  <?qu5.11briu»  process  of  5XJansicn  value  it  is  prssihle 
to  (ketamine  front  two  parameters  ot  state  (for  “xample,  T  ani  p)  ; 
however,  this  determination  rn  practice  proves  tc  be  sufficiently  to 
difficult  ones. 


For  the  unbalanced  process  cf  ''xpandir^j  the  mixture  of 
must  be  prescribed/ass  i  cnea  tha  lav.,  which  links  the  value  P-.  an.i 
other  parameters  of  the  mixture  of  ^jases. 


Page  ftS. 


Index  rtp  determine  from  tne  xnown  parameters  of  the  mixture  of 
gases  at  the  noxrle  entry  and  at  cfce  output/yield  from  it.  Me  us® 
equations  (4,3)  and  (4,4)  and  Let  us  fulfill  seme  algebraic 
conversions,  as  a  result  we  will  octain 


ig  ^ 
Pc 

,  _«£c£. 

RJkPc 


(4. 


or  tahing  into  account  telaticnsnip/r atio  (4.5) 


I^TuPc 


(4. 8'. 


Let  us  write  the  equation  cf  the  mass  flew  ratp  cf  the  gas 
through  arbitrary  sector  cf  nozzle,  which  has  area  f: 


m^fQW. 


(4.9i 
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La*  'IS  introduce  the  foiio.ia^  desi  gn  a  t  icn  s: 


fc  -  expansion  ratio  of  gao  in  the  nozzl®; 


txr  -  r:r'*-ical  rressura  iaf  cer?  ncial ; 


/-  -  nozzle  “xparsica  ratio. 


For  calcalating  the  paraaaters  iniicated  are  used  the  following 
equations; 


.  --Si-* 

-e  “  • 

(4. 10) 

Pi 

1 

(4.  Ill 

,  2  x^K/n—h 

U-'''  ' 

(4. 12) 

From  gas  dynaaics  it  is  icnowa  that  if  is  provided  condition 
PiJPKv<f^  then  in  what  cross  section  of  nozzle  it  is  not  possible  to 
drive  away  gas  to  the  speed,  eguai  to  the  local  velocity  of  sound  a, 
i.e.,  in  any  cross  section  H<a;  if  nozzle  has  inswept  and  divergent 
sections,  then  the  gas  velocity  during  the  aoticn  in  the  latter  is 
decreased,  and  its  pressure  inctaases/grcws,  aoreover  nozzle  does  not 


create  thrust 
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und?r  co''.ii*'ion  th**  ^attarr.  of  *hc  flew  cf  gas  in  tha 

<?tpan'lim  s»c*ion  of  nc22la  shaitiy  changes  aas  valccity 

cor^in’ips  to  b'*  increased,  ana  its  pressure,  tho  t®!^o«rat  ur-a  and 
dansify  -  to  ba  decreased,  in  cfcis  casa  the  ncczla  previdas 
s '1  o so "1  i  j  i  i  '  '•f  a  r  :  ^  v  1  cci  t  y  '  ■*  -  f  _  ,  ,  -  ;  ^ 

ncz2l“  ax  it  sec‘-icn)  eraatss  tarust. 

Pace  69. 

Under  condition  ^K/PKp  =  f,:r  density  of  gas  p  continuously 

falls,  and  its  speed  alsc  ccntinucusly  jrews,  but  valua  pW  in  th® 
inswaot  and  expanding  sections  c£  nozzla  changes  iifferantly.  In  the 
range  of  subsonic  speeds  (fcca  ir„=0  '*nen  /'k-»-oc  to  WKP  =  “«pwhen  ~f=f^) 
product  pM  incroasos/gre ws  wita  aa  increase  in- speed  » ;  in  critical 
section  it  is  niaximal.  In  the  ran^e>  5f  sup«=rscnic  speeds  (frea  ^  «p  to 
U^r^the  product  pW  with  an  incraasa  in  the  velocity  is  docreased. 

It  is  thawed  as  on  the  basis  cf  aguaticn  (U.9) 

•dr 


Boreovar  value  m  is  constant  for  each  cross  section  of  nozzle,  the 
nozzla  Bust  consist  cf  series-ccraect ad  the  inswept  and  divergent 
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sections.  This  noz^l-s  is  callei  i^aval  r40zzl‘=  (cn  i:n , 


his  ir.vsntcr 


Swedish  cngir.^^r). 


gar^pg.sary  nozzle  <»xpansicn  Catii  d<r-c<?nds  cnly  on  ind®x  and 
<»xoansion  ratio  of  gas  in  nozzia  ^ 

Ml.-:'  ;■ 


In  proportion  to  an  increast;  an  necessary  value  value  in 
is  necessary  to  increase.  At  one  and  t.ae  sane  value  fie  necessary 
value  /c  the  less,  the  greater  the  inlax  n^.  Therefore  the  utilization 
of  working  (Bedium/pr cpellants,  which  ensure  large  index  «p.  makes  it 
oossible  to  decrease  the  sizes/diaensions  and  the  mass  cf  nozzle. 


Values  /c=/(ec.  np)  axe  given  ii  appendix  3. 

The  nozzl®  throat  area  can  be  calculated  from  the  formula 

Ap*— ,  l4.  14) 

Pt 

where  0  -  specific  pressure  lapuise,  expenditure  complex  or  the 
complex  0,  determined  according  to  the  equation 


d®p®nds  cnly  on  inutx  np.  it  are  feund  by  the  formula 


Value 
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r —  2  \</i„+i)  1» 


Paq«^  70. 


Complex  0  it  is  possible  cc  calculate  from  equation  (4.  15)  or  to 
i9t=rniin«  experimentall  y  (accordiuo  to  the  results  cf  ■an7inp 
testing)  ,  using  formula  (4.  14)  ; 

Pk/kj) 

.■3  = -  .  17 


A  comparison  of  the  real  and  calculated  (ideal)  values  of 
complex  0  can  be  used  for  the  a  valuation  cf  the  perfection  of  the 
processes,  which  talce  place  in  the  section  cf  chamber/camara  before 
the  critical  cross  sccticn  (sea  §  4.7) . 


Complex  0  for  cheitical  ao  in  essence  depends  cn  composition  of 
fuel/ propellant;  for  the  bipcopelrant  it  is  determined  not  cnlf  by 
the  type  cf  components,  bur  also  by  the  coefficient  cf  their  mass 


relationship/ratio  x-' 


l4. 18) 


where  '"ok  and  -  mass  cxidizar  ccnsumption  and  fuel  per  seccnd 
respectively. 
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Complex  ft  can  starve  tc  a  ccasidarablc  degree  as  the 
thermodynamic  characteristic  of  catmical  f ael/prope llant. 

On  the  basis  of  equation  (h,14)  it  is  possible  to  make  following 
conclusions. 

1.  Necessary  area,  rncr eases  with  increase  in  flow  of  gas  (or, 
that  one  and  th«  same  rf  expenditure  of  iritial  working 

raediu m/or opellant) ,  cf  ccmplax  ft  and  with  decrease  cf  necessary 
pressure  Pk- 

2.  For  increasing  ptessura  p, . necessary  to  increase  expenditure 

4 

of  m  or  to  decrease  area 

t  Kp< 

f 

3.  Expenditure  m  and  pressure  Pk  vary  directly  (if  we 

dis tagard/neglect  certain  dependence  of  complex  ft  from  pressure  p^). 

One  should  emphasize  that  in  accordance  with  equations  (4.13) 
and  (4.14)  the  expansion  ratio  cf  gas  in  the  nozzle  does  not  depend 
on  its  expenditure:  with  an  increase  in  the  expenditure 
simultaneously  increase/grow  values  Pk  ,and  Pc  (and  vice  versa),  but 
relation  pjpe  remains  invariable. 


The  equation  of  Bernoulli  tor  1  kg.  of  gas,  based  on  the  law  of 


PAGE 


cons5Cvation  of  en«»rgy,  in  connectior.  with  cress  si^ction  at  th*^ 
nozzle  entry  (we  accept  n’’„  =  0/  mi  to  its  exit  3=cticn.  has  the 
following  form: 


K  ^a.c  ■ 


(4.  19) 


-  t^' e  ^otal  enthalpy  :r  ^as,  which  is 
paraa  =  *-ar,  whic'-.  ’nclU'ies  encaaipy,  ana  che.T,:.cel  energy  cf  <cr<ing 
mediu  m/nr cpellan  t. 


Page  71, 

The  total  enthalpy  cf  tae  chfemi.cally  active  aixtarc  of  gases  can 
be  calculated  from  the  equation 

*'n*^p7'.  (4.20) 

where  ^p'  ~  specific  heat  of  che  aixture  cf  gases  for  the  isoharic 
process  taking  into  acectnt  cha  coursa  of  the  reactions  of 
dissociation. 


Gas  enthalpy  i  is  called  rte  value,  equal  tc  the  sun  of  its 
internal  energy  u  and  petentiai  pressure  energy  pv  (where  v  -  the 
specific  volume  of  gas),  i.e., 

i«“U+po. 


Gas  enthalpy  can  be  expressed  also  by  tha  equation 
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wh9r®  fp  -  specific  h®at  or  }a.s  tor  the  isofcario  prccsss  rfithcut 
^.ak^nq  ir.*;o  acccnri-^.  *-y '■  course  or  the  r?acticns  of  fi'sociatior., 
i.e,,  for  chemically  inerx  cas. 

The  relation  of  specific  oea-c  capacity  Cp 

isochoric  =  is  "c  ci.-?  iniex  cf 

k: 

At  condition  g--..  =  o  ^il  otaer  parameters  of  gas  have  maximally 
Dossible  for  this  flew  values,  i.e. ,  are  stagnation  parameters  (T ’'f, 
and  so  forth).  In  many  instances  speed ‘tTj  is  considerable  general 
speed  so  that  the  latter  can  oe  disregarded/neglected  (i.e.  to 
count  ir„=0)  without  significant  daaiaga  for  the  precis'c n/accuracy  of 
calculation.  Subsequently  under  toe  parameters  with  the  index  "to”  we 
will  understand  stagnation  pacaieters,  but  lower  for  simplicity  of 
presentation  sign  *. 

The  exhaust  gas  velocity  oehiad  the  nozzle  can  be  determined 
from  aquation  (4.  19)  : 

=  (4.21) 

Formula  for  calculating  the  axnaust  gas  velocity  behind  the  nozzle 
can  be  obtained  also  from  the  aquation  of  Bernoulli,  written  in  the 
following  form: 


and  specific  heat  fer 
the  adiibatic  process 
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Th^  aaximum  speed  cf  gas  at  ^cescri  bed/assigned  values  and 

Tk  can  be  achi^ved/reached  ia  the  ^-uraly  th6or®tical  case  -  in  the 
absence  of  any  losses  and  when  ec-Voo.  and  the  latter  is  possible  only 
for  infinite  nozxl?^  (/c-»ao).  In  this  case  on  the  basis  of  eguation 
(4.  23) 

—RJ,.  14.24) 

f  rif  —  I 

8  ft. 6-  Energy  losses  in  the  tharmal  rocket  engines. 

Prom  the  thermodynamics  it  is  known  that  the  cycle  of  any  heat 
engine  is  called  the  seguence  of  the  thernodycasic  processes,  which 
occur  in  the  working  nediua/propeiiant  of  engine  and  which  lead  to 
the  conversion  of  heat  into  the  work. 

Let  us  examine  the  cycle  of  thermal  rocket  engine  (Fig.  4.2) 
with  the  following  special  faatures/peculiarities, 

1,  Initial  is  working  body  (fcr  chemical  RE  -  propellant 
components)  is  liquid  and  is  supplied  into  barrel. 

2.  Nozzle  exit  pressure  is  equal  to  ambient  pressure  (Pc=Pn)  This 
■ode/conditions  the  wcrk  of  tha  nozzle  of  chamber/camera  thermal  RD 
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call  calculate'!. 

w\ll  examine  case  pc=p,,=feO,  rrr  tfhich  tha  nozzle,  which 
operates  in  th**  desinn  ccnditiocs,  it  has  finite  dimensions.  Initial 
pressure  of  woricing  me d iua/pccpeiiant  pA.  —  Pe=Ph  lnto  cycle  thermal  PD 
"O’^r  follow' ~a£ic  ood  . 

1.  Proc'^ss  AR  5  s  rrccaso  or  ii-creasing  pressure  (compression)  of 
liquid  woricing  med!  um/CEcpollanr. 

Page  71, 


2.  Process  3K  5s  pxccass  of  delivery  of  heat  to  working 
mediua/pr cpellant  when  Pfi-PK  =  const. 

3.  Process  KS  is  process  of  equilibrium  expansion  of  gaseous 
working  medium/propellant  with  indfcx  k  on  pressure  Pk  up  to  a 
pressure  of 

h.  Process  SA  can  be  presaated  only  theoretically,  if  we 
consider  that  via  branch/reao val  of  heat  frcn  gaseous  working 
mediua/prcpellant,  which  has  parameters  p^.  To  and  Cc  it  with  the  aid 
of  soecial  devices  is  ccntinucjsiy  condensed  and  is  cooled  to  state 
A.  At  this  case  process  CA  wcuic  be  evaluated  as  the  process  cf 
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coTipression  wh^n  Pc  =  PA  =  consi.  in  Jaxch  haat  it  is  a bs tr act.6d/r«?inc V”!<3 
fre-!t  worttirg  n^df.uT/jro  poll  act. 


Araa  ABKSA  on  c»»rtain  seals  aumerically  is  equal  to  the  complete 
(available)  work  1  kg.  cf  working  «ed  iui/prcpellant  in  the  cycle  of 

this  cycle  is  theoretical.  It  io®s  tot 
ccr.''ia'‘r  losses,  v'-*-h  ‘■xceptica  or  the  loss  cf  the  total  enthalpy, 
tak®n  away  together  wi*h  the  worxing  madium/rrccellant,  which 
escaoe/ensues  from  the  nozzle. 


Let  us  examine  the  expenditures  of  energy  and  loss,  specific  to 
the  processes,  which  take  place  la  the  thermal  rocket  engines. 

Process  of  the  cempressioa  or  working  medium/propellant.  If  we 
olot  along  the  ax^s  v  specific  volume  of  liquid  working 
medium/propellant,  then  area  Adfca  is  numerically  equal  to  the  work 
which  must  be  completed  for  ccaprafcsion  and  supplying  the  working 
medium/propellant  into  the  engine  chamber. 

Process  of  the  delivery  of  aaat  to  the  working 
medium/propellant.  In  the  actual  engina  the  heat  to  the  working 
medium/propellant  is  supplied  aot  in  tae  process  BK,  while  in  the 
procass  BK;  inherent  tc  it  are  spacifio  losses,  caused  by; 
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a)  by  th-?  'dissociation  of  ga^acous  prc  ducts; 

b)  by  the  dispersa 1/accelacacion  af  gaseous  products  prior  to 
the  r'.02zle  entry,  which  leads  co  a  drop  in  the  pressure  (in 
accordance  with  the  equation  of  aarnoulli) ; 

c)  by  the  fricticr.  of  woriting  me  dium/ pro  pell  ant  against  the 
chamber  walls  (on  section  prior  ro  the  nozzle  entry); 

d)  by  the  incoapleteness  of  che  course  of  the  chemical  reaction 
of  burning  or  decomposition  (for  axample,  in  RD,  the  worker  on  the 
bipropallant,  in  connection  with  tae  impossibility  of  the  ideal 
mixing  of  components)  cr  the  incompleteness  of  the  transfer  of  heat 
from  its  source  to  the  working  mediua/gr opellant. 
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Pig.  4.2.  Ideal  (ABKS)  and  raai  )  crycles  thernial  RD. 


Page  74. 

Due  to  indicated  losses  the  heat  to  the  worXing  med ium/propellant 
theraal  RD  is  supolied  net  in  isocaric  process  (p®ccnst) ,  but  in  the 
process  which  by  coordinates  p=v  is  evinced  by  curve  cf  ^K.  The 
losses  of  enthalpy  in  the  process  indicated  are  determined  by  area 
bKX.  They  cause  the  decrease  cf  specific  pressure  iipulse  d» 

Process  of  expanding  the  gaseous  products.  The  basic  losses  of 
this  process  are  caused: 

a)  by  the  carry-off  of  the  total  enthalpy  together  with  the 
working  mediun/propellant.  This  loss  is  unavoidable  both  with  the 
real  and  during  the  ideal  cycle.  Area  CEOA  is  numerically  equal  to 
the  unused  enthalpy  indicated; 
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b)  by  the  nonpara  1  leiism  of  tne  streams  of  the  working  axle 
center  of  the  noz/'le  (=ce  Eij.  1.  o)  ; 

c)  by  the  friction  of  uoixinj  na  iiua/ptopellant  against  the 

d)  by  the  effect  cf  tae  taparing  portion  of  th-  nozzle  (entry 
loss  into  the  nozzles) ; 

e)  by  the  ineguilitriaa  of  taa  process  of  expansion; 

f)  by  the  branch/retnoval  oi  neat  of  the  vicricing 
mediniB/propellant  in  wall  of  caamofer/cam ar a  (less  to  the 
nonadiabaticity  cf  the  process  cr  *xpaasior.)  ; 

g)  by  the  fernatien  of  the  ccadensed  phase  in  the  process  of 
moving  the  working  medi um/propoliaat  along  the  nczzle. 

Tha  losses  indicated  caasa  tae  decrease  of  thrust  coefficient 
Kp. 


6  4.7.  l!f ficiencies  of  chemical  rocket  engines 


HOC 
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Losses  in  che'nical  FD  estiadte  :)/  energy  and  by  pulse 


^  ^  ^  A 


r  nc?  '^s. 


Sneray  “ff ^c^.ency  (efficiency  cf  cycle  and  others)  character! 


ize 


The  effici^-cy  cf  cycle  the  ratio  cf  the  wer  <  of  cycle  L, 

tc  cheTical  energy,  which  is  coctained  in  1  kg.  of  f  uel /prope  llant . 
The  energy  indicated  we  will  call  net  calorific  power.  Let  us 
designate  it  ^p»«.  '^Ihen 


_  Ln 

‘  //p.6 


(4.25) 


The  efficiency  of  cycle  it  is  possible  tc  express  also  by  the 
for  r»u  la 

\=-^’ncn„  14.26) 

where  ti;  -  efficiency  cnaracterizing  losses  in  the  chan her/caaera 
chemical  FD,  the  lowering  specific  pressure  iupulse  6; 

-  thermal  efficiency  consiaecing  the  losses,  connected  with 
the  carry-off  of  the  tctal  entaaipy  together  with  the  reaction 
products  behind  the  nozzle; 
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'?<  -  “ff'ciency  character  iz  ia  J  other  losses  in  the  nozzle,  which 
lea-i  to  *h«»  decrease  cf  ths  tarast  coefficient  cf  chaaber/caoera  K.p 

Page  75. 


Efficiency  ti=  est^irates  cae  atcree  of  cc  irpleteness  of  the 
tr ans fornation  of  the  cheaiicai  energy  1  /cg.  cf  fuel/propellant  into 
haat  Q; 


14.27) 


Efficiency  'Ic  and  .n<  are  aetexminei  the  efficiency  of  the 
process  of  the  “xpansict: 

•  (4.28'. 

Efficiency  gap  ,  char  act  erizes  the  degree  of  cc  apleteness  of  the 
transformation  of  the  heat,  which  was  isolated  as  a  result  of 
chemical  reaction  in  the  chambar/came ra ,  in  the  works  of  cycle: 


Let  us  examine  thermal  efficiency  rj,,  considering  losses  due  to 
the  carry-off  of  the  tctal  enthalpy  by  reacticn  products  as  a  result 
of  the  finite  dimensicns  or  nozzle.  Since  to  ideal  cycle  are  specific 
only  these  losses,  then  n«=”nBa.  where  »i«a  -  efficiency  of  ideal  cycle. 


In  purely  theoretical  case  (f^-*~oo;  pc  =  ph  =  0\..^^e  absent  all  fcrms  cf 
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Lossas)  entire/all  heat,  wnich  isoiatsi  as  a  result  of  chemical 

reaction,  it  is  converted  into  the  kinetic  energy  of  roacticr. 
products  (into  *ho  kinetic  get  aaergy)  ,  i.e.,  for  i  kg.  of  '-.e 
fuel/ propellant 


or 

14.31} 

Since  in  the  case  hc-^,  in  iuestion  then  in  accordance  vith  equations 
(1,20)  and  (l.u) 

n  *<  =  c  max 

or  taking  into  account  relaticasnip/ratio  (U.3l) 

(4.32} 

The  ideal  exhaust  velocity  ox  the  chemically  active  mixture  of 
gases  is  called  the  speed  at  which  consider  only  ths  phenomena, 
connected  with  the  disscciatica  ana  the  reccmbination,  and  the 
losses,  caused  by  the  finite  dixensions  of  nozzle,  i.e.,  the  losses, 
connected  with  the  nose  cf  the  total  enthalpy  together  with  the 
gases,  which  escape  behind  the  nozzle.  Let  us  designate  the  speed  ci 
indicated  Kinetic  jet  energy  is  agual  to 

Page  7f>, 

Thermal  efficiency  is  the  relation  cf  kinetic  jet  energy  to  the 
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workinj  neat  productivity: 


’!<  = 


ir=  ,2 


H, 


pad 


or  takinq  into  acrourt  equation  (4.31) 


37  *r.n  utilizi'^.i  or.  cf  r  =  lacicnonip  (4.33)  and  (4.2-i)  lattar/last 
“auation  it  is  possible  tc  radace  tc  tna  follcwinq  tom: 


n,  =  i 


(4.33) 


Consequently,  theraal  efficiency  depends  only  on  the  expansion 
ratio  of  gas  in  the  norzle  and  cn  index  "p- 


Value  hi  •  5 s  equal  tc  one  only  for  purely  theoretical  case 
examined  above  ec->-«>)- 

The  formula  cf  the  theoretical  spjcific  impulse,  which 
corresponds  to  the  ideal  exhaust  velocity  and  considering  only 
losses,  estimation  of  efficiency  can  be  obtained  from  equation 
(4.  32)  : 

=  (4.34) 

The  actual  specific  impulse,  i.e.,  the  specific  impulse, 
considering  all  ferms  cf  lossas,  is  designad  frem  the  equaticn, 
obtained  by  replacement  //p«e  in  equation  (4.  34)  by  product 

=  (4.35) 
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Er.orgy  ■^fflcioncy  are  usei  or.iy  for  ^oalitative  evalaaMcn  of 
■fh=  oroor  ss^s ,  wh^ch  -take  placa  in  tae  cham  fcer/cam^ra  of  cheirical 
rocket  “nqin^s. 


ca' '"1  la'^  ioos  of  chaac  ara/ca.ma ras  chtr^iral 


to  ■" o r 0 


CO  a /ar.i or.tly  use  pulse  e  Iticieucifes.  They  psti.nata  tha  losses  of 
Jirectlv  soecific  impulse,  namely  these  losses  are  cf  createst 
cntarest.  Puls**  efficiency  dssicnace  by  letter  <*>  and  they  frequently 
call  simply  coefficient 


Pulse  efficiency  are  coanactad  with  the  appropriate  efficiency 


with  the  relationshic/ratio 


?=  /p. 


(4.361 


?aae  77. 


Coefficient  is  the  relation  cf  specific  pressure  impulse  for  the 
real  chamher/campra  and  the  chaaber/camera,  which  works  without  the 
losses  to  the  inconpleteness  of  burr.iaj,  the  fricticn  also  of  other 


losses 


-  _ 


(4.37) 


The  coefficient  indicated  is  called  tha  coefficient  of  comoleteness 


one 
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of  specific  pr<^ssur'»  r.upulsa  (oy  coefficient  cf  completensss  cf 
expenditure  complex)  . 


If  we  use  for  the  real  chaaber/camera  and  the  chamher/camera, 
which  works  without  the  losses,  and  /,p,s=/,p,„  then 

Fk.^x 

Consequently,  coefficient  caaracteriz es  the  losses,  connected  with 
the  imperfection  of  processes  in  tne  conbusticn  chamber  (or 
daconpositicn)  chemical  BD  and  leading  to  the  decrease  pressures  in 
the  real  chaa ber/camera  in  coaparison  with  the  chaater/camera,  which 
works  without  the  losses.  Coafficiect  >?  is  called  also  by  the 
coefficient  of  coapletecess  cf  prassura. 


The  coefficient  of  nozzle  <Pc  is  tha  ratio  of  thrust  coefficients 
in  the  vacuum  of  real  cfcaBbet/caaata  and  chaaber/camera,  which  works 
without  the  losses  to  the  frictica  and  other  losses  in  the  nozzle 


(4.39) 


Taking  into  account  of  eguatica  (4.34)  and  (4.36)  it  is  possible  to 
writs  formula  (4,35)  for  calculating  the  real  specific  impulse 
through  the  pulse  efficiency  in  the  fora 


l4.40l 

rjsually  value  ip,  and  sufficiently  close  to  unity:  -(  =  0,96-0.  99; 

?c—U,9()-»-U,98. 
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Chap*: or  V. 

CHARACD  EPISTIC  MODRS  OP  THE  JF  THERMAL  FCCKET  ENGINES. 

§5.1.  Charact.eris+ics  or  tharmdl  coolest  engines. 

with  th®  work  of  engine  in  tat  ooinpositicr.  of  flight  vehicle 
usually  changes  flight  altitude  a  ard,  consequently,  also  ambient 
nressure  p-i.  Therefore  it  is  necstsary  no  determine  and  to  consider 
the  iependences  of  thrust  and  specific  jet  firing  on  the 
heignt/alti  tude  of  flight  i.e.  ruactions  Pii=f{h)  and  /,aA=/(/i). 

In  chapter  II  was  shown  taat  tan  prsscribad/assigned 
Daraaeters  of  trajectory  of  la  are  provide!  by  a  change  in  the  thrust 
ofRD,  for  which  respectively  caanjes  the  mass  flow  rate  of  working 
medium/propoliant  (propellant  cemponents)  m.  Therefore  during 
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calcu  or.  s  '■p'^ra'^ion  cc  JD  cftc  hijh  '^alu'*  hive  th-  je  oanct^nc -s 

of  ‘•hrusf  ml  sp  =  ri'=:c  impulse  cn  the  consiopficn  ni ,  i.  i.  ,  function 
Ph  =  f{m)  =in  1 /ynh=*f(m). 

«  A  / 


Discharge>  characteristic.  Taa  ^xp andi'^. urc  (thrcttle) 

1  -  n  r-  -  Q  *■  -•  f.  f  ■•  '•.  i  r  ^  1 1  r  cc  .<  -i  c  3 ci  r  IS  i  e  c  a  "I  1  ^  l  the  d  ^  r-  ;  ■>  -  -  = 

thair  -hrust  on  th.o  mass  flow  rati  par  seccn-l  cf  woritin] 

■na^ 'um/nropollant  (propellant  com  pcnriics )  at  cc-'stant  values  fe  and 
h,  and  for  Zh.?n  and  PDdT,  f  urta  -rmor? ,  whpr  x=const. 

Lst  us  writ®  again  equacicn  (1,9) 

/0*  =  mr,+ /,  (p^  -  p^).  (5. 1) 

A  Chang®  of  prossure  Pv  into  tha  process  of  worlc  thermal  RD 
laads  to  some  changes  in  tne  course  of  processes  in  the 
chamb®r/rara®ra ,  fer  example  to  a  cnanga  of  dissociating  the  gasoous 
oroducts  and,  ccnseguantly ,  also  values  r«, /?k  and  However,  for  the 
majority  thermal  RD  mass  flow  rate  per  second  of  working 
mediua/propellant  changes  within  comparatively  small  limits.  For  such 
RD  it  is  possible  to  consider  that  tne  discharge  velocity  Wc  on 
depends  on  s. 

Prom  the  remaining  parameters,  entering  equation  (5.1),  on 
consumption  of  m  denends  only  pressure  Pc-  1®+  us  determina  this 
dependence,  i.e.,  function  Pc-f(’n).  For  each  this  nozzla  (7c  =  const) 
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^xpansim  ra":ici  phase  in  n-jzzxe  £c  is  conshart,  Ir.  accT.ar.c^ 

with  cquat’.or. s  (U.iO)  and  (4.l4) 


All  valu'ss,  entering  in  bracicat  dp  net  depeni  on  consumption  of 
.  Consaquently,  the  equation  of  discharge  characteristic  is  the 
equation  of  straiaht  line  (Fig.  5.1)  which  only  for  case  n/k==0  (i.e. 

for  the  caso  of  the  werk  of  angina  fa  the  vacuum)  runs  through  the 
oriair.  of  coordinates,  and  in  ali  cemaining  cases  transverse  axis 
so  that  with  a=0  Pu-—hPh- 

With  significant  reduction  or  flow  ca^-e  m  thermal  5D  can  work 
unstably  or  with  the  werk  at  tae  leva!  of  sea  due  to  large 
overexpansion  (see  pg,  83)  proceeds  th>  flow  breakaway  of  gas  from 
the  nozzle  liners.  In  the  latter  casa  will  change  actual  value  7c. 
i.e.  it  will  be  destroyed  the  initial  condition  of  discharge 

characteristic.  Therefore  its  equation  is  correct  tc  certain  level  of 

0 

a  red action /descent  in  expendit ura/consumpticn  of  m . 
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Tha  f:  c*ic:’ 3U5=  section  of  cad-cOt  ir  .'.c  '  -  5'»cic*,=‘3  in  Frj^  5.1 
as  Ir.  actuality  io  tais  sscticn  curve  takes  the  form, 

'ispictsd  in  Fig,  5.  1  and  5.2  as  dot-ia^h  line. 

Th"  angle  of  the  elcps  of  cadra::*  jri.Etic  ec  -  rial  to  arete  a, 
th*  factor  of  prepert  iona  lit^  a  is  ?  ]ual  *o  brac<.'tai 
“xnrassion  in  ■?'qua*'icr.  (5.3).  For  this  iuel/propellant  (working 
ned  iu  m/orope  1  la  nt)  value  a  dapanas  only  or  valu'>s  and  fc-  For  ^ach 
this  engine  parameters  IFc,  ec  and  jd  can  da  censidarai  taking  into 
account  the  not^d  above  assuoptionb  constants.  Therefore  its 
discharge  characteristics,  piottsd  ftc  different  heights/altitudes, 
are  tha  family  of  the  parallel  lines  (see  Fig,  5.  1)  ,  A  difference  in 
the  thrust  for  the  work  in  the  vacuus  and  at  the  height/altitude  with 
the  pressure  of  atmosphere  Ph  iS  ^>jUal  to  fePh- 


Dnc 
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P',a.  S,  1.  charact^rio  cxci  thirmal  RD  wi-^h  wcrk  in  vacuuni 

ari  an  h*^  iahn/altina-l®  uitn  prassur®  p* 


Kay;  (1).  Low«?r  boun^lary  of  staole  operation. 

Fiq.  5.2.  Discharq®  characrerisrics  thermal  RD  (7r=  const;  differant 
values  irv) 

Page  80. 

On  the  basis  of  equation  (5.  i)  thrust  in  vacuua  (p-,  =  0) 

=  ■  (5.41 

With  one  and  the  sane  composition  of  chemical  fuel/propellant, 
and  in  th®  case  of  nor.chemical  thermal  RD  -  with  cnt  and  the  same 
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working  rae'' iaa/pron^llant  and  jJancity  of  appli-d  h«at,  fha  scecific 


'''O'llc'*  ''ar!  b-a  ra.'s«-d,  incraasiaa  r  cz 
shown  in  £hao''-er  17,  with  inoraaste  /<• 
of  qas  in  nozzl«>  ec 


zl3  “x  pa  ns  ion  ratio  /r.  As  it 


wa. 


incr<=as>?s  the  expansion  ratio 


Vi'h  ''r--  a”,  i  -  saao  Siz  i  a/ •"  2  r.  5ior.s  of  •'■'O’le  -  ha  specific 
i.toulsa  oar.  br  -ncroasti  upca  -raa^fir  wC  f n^l/prcp-llant  wi'^h 

the  lar7“t  heatira  power  (cne.Tiicai  SD)  or  upon  transfer  to  wcrkinq 
body  with  the  smaller  mclecuiar  weioht  and  in  the  case  of  the 
delivery  to  -t  of  a  greatar  guaccity  of  heat  (nonchemioal  thermal 
an) . 

Fig.  5,2  shows  thr  discaarge  characteristics  of  heat  engines 
with  the  invariable  sizes/diaaasions  of  nozzle  with  the  work  on 
'uels/Dropoiiaiit  s  with  diffaraat  heating  power.  The  characteristics 
indicated  preened  from  ore  and  tea  same  ficticious  point,  sine®  in 
both  cases  fcPh=<onsi. 

Pig.  5.3  depicts  the  discaarge  characteristics  of  two  engines, 
which  are  characterized  by  only  nozzle  expansion  ratio  fe.  These 
characteristics  transverse  axis  at  different  points  as  a  result  o 
a  difference  in  values  fc.  From  ?ij.  3-d  it  is  evident  that  for  one 
and  tha  same  pressure  P^  witn  i<a'  to  oore  advantageous  use  nozzle  2 
and  whan  o>«*  -  nozzle  1. 
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Fr»r  thf»  ruction  of  diocharg?  charuct  =  rir*  ic,  bi=o',J-3 

f'^ndlnu  of  j *•  s  f’cticicus  pcin;  ^ntr  /’;,=0.  ft  suff'c-'S  oo  find  or=^ 
additional  poin*:.  It  Is  most  convtiiiisnc  to  US's  thrust  in  th“  noninal 
rating,  i,p.,  point  P*  =  /***,«. /n=/n,o„. 

L?*-  US  "xa.’nino  dspondiaca  cf  ooccfffc  vopulso  ;hr?rnil  dD  or. 

th<?  =  xD*nd:.t ura/consiiin  cticn  of  worxing  oiod  iu.o/orcps  llant,  i.  ’., 
function  of  th®  ty?«» /y^ A=/(m).  Lat  us  divide  left  and  tha  right  side  of 
equation  C^.d)  *o  n: 

+  (5.5) 

*e  m 

This  equation  takes  the  following  algebraic  form; 

b  <S}  ,  b 

y^a - h4H  /.Mh—a — 

X  tft 

Obtained  deoendence  /yBh=f(ffi)  is  the  equation  cf  hyparbcla  (Fig. 

5.  4) . 


Value  a  is  equal  to  specific  impulse  in  the  wacuum,  i.e.,  to  the 
■atiaun  specific  impulse  of  this  engine;  it  it  is  possible  tc  obtain 
from  equation  (5.5)  for  condition  Ph  =  0: 

!5.6) 

•e 
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Con  3=  tly,  w'th  *•  r  ^  d-3cr?asi  o;  n  x’-)  * ''.di'^ 'jr  ■’/cons  unt  o*  i  cn  of 

workinrj  iii<»d inm/proos'' 1 5 nt  for  ocndifioi  h=ro'nsf  specific:  j=t  firir.7 
iescands,  which  is  explained  0/  daviition  from  th“  nominal  rating  of 
i-^3  wort. 

Part  hermcr? ,  w:  t.h  the  iacreasc  of  ^  xp' nd  it  uro/ccnsnm  or  ion  of  m 
and  orassnre  Pk  in  *•  he  cham bara/caui^r a •>  ZhF^D  is  decreased  an  injector 
or'^ssure  drop,  whjch  makes  tne  atomizaoion  cf  propellant  components 
and  the  process  wcrs®  cf  thexr  raacticn.  However,  the  caused  by  the 
soecial  f  eatures/peculiaritias  indicatad  re  due*- ion/descent  in  the 
soecific  impulse  is  not  considered  by  aquation  (5.5). 

It  is  expedient,  but  is  considecaolv  mere  comp licate ily  this 
power  change,  with  whicn  its  soeciric  impulse  does  not  descend.  ?cr 
this,  for  example,  ZhRC  must,  prcviu®  the  following  conditions: 

1)  Ap*“Const.  i.e.,  the  constanc  injector  pressure  drop,  which 
makes  it  possible  not  tc  impair  tat  quality  of  the  atomization  of 
propellant  components; 

2)  PK=«const,  i.e.,  constant  pressure  Pk-  which  provides  th  = 
invariable  conditions  cf  the  courst.  of  the  chemical  reactions  cf 
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in  p.p  rh^  I'rer/cajiera; 

Pr  =  Ph\  ■<'*■'■'  sat  is  fact  icn  cr  c3r.iitior  in  th'r  cas^  of  th-a 

?">=c‘  f’c  f'r'nij  incraasaji/jr  jws .  This  mods/coniitions  th? 

work  O'  ■*•  nc^?!^'  of  chatnDor/oaniwra  cill  ralculatod  (s==  §5.2). 

7or  Sd hi s^'ac-^  Lon  of  coaiioioa  Ar,i  =  c:;r.-:  i"  is  nscossirv  nc 
o''  =  -'jo  tho  lisc^'dro^  arsa  of  injecrerj  *  it '-  rsspoct  to  a  chan.j'a  in 
th«  nroopllart  comon'^nx  flow  .a.  <Jith  i  rad  action /i^scant  in 
3:< pen di t a re/consuo p t ion  cf  a  of  pressuro  it  is  ieersassd.  So  that 
♦•he  orassure  Pk  would  raaain  iawaxiabli,  it  is  necassary 
sinultansously  Mi*h  a  reduct ion/dasca no  in  expenditure/consumption  o 
o  to  rasoectiTely  decrease  tae  nozzla  throat  area  /hp-  In  turn,  for 
r=»ta'‘.ni''.a/Drss'^rv'’ ng/nairtaiainj  ta’^  dasign  conditions  of  th-^  work  c 
nozzle  with  decrease  /kp  lust  oa  proportional  reduced  the  nozzle  ®xit 
area 
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"It.  S.'t.  '^haract -er  io'ics  tharnial  PD,  which  are 

charac"  •=r:.z^'^  by  rn"!  y  values  \z 

Ke Y :  ( 1 ) ,  NozzIg . 

PaaG  92. 

A  oow»^r  change  w.^hh  tne  ratantion/prasor vahion/maintair.ing  o 
invariable  pressure  Pk  is  usad  vary  limits:']  d  u<=  to  the  large 
coraolaxity  of  thjs  change. 

If  into  compcsiticr  of  DU  anter  saveral  engines,  then  thrust 
DU  sufficien^lv  simply  can  ba  jraduaily  changed  with  the 
disconnection  of  separate  enjinss  duciag  th®  invariable  mole  of 
ooeration  of  r'emaining. 
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Pressurfi  p»  in  the  Cdsa  of  th®  jcooun*-  of  tha  adopts  i 
assumptions  dir®c+“ly  prcporticnal  to  t;i2  axp'jnditure/consuapticc  c 

th<=  workinq  medium/prorallant 

— m. 

Thersfore  dspendsnc^s  and /„*=/(pJ  are  analogous  to 

ispendanras  P^=f(m)  anf  Inh—f(m). 

Altitude  parfor nance.  la  .jl.3  it  <as  shown  that  the  tharaal 
rockat  angine,  which  wcxks  in  ore  and  tho  sane  mode /conditions 
(»-=const)  ,  develops  different  thrust  ia  th«  d'5p»rd'?nce  on  flight 
altitude  LA. 

Deoendsnce  thrusts  theraai  HO  on  flight  altitude  Ph  »f(h)  call 
altitude  performance. 

Lat  us  write  again  equation  (1.9) 

(5.7) 

Values  Pg  and  fox  each  givac  engine  are  constant.  Therefor 
equation  (5,7)  is  reducad  to  tae  equation  of  the  type  y*a-bx, 
■oreower  The  pressure  of  ateosphare  Ph  to  a  great  degree 

descends  with  an  increase  in  altitude.  Therefore  the  engine  thrust 
with  an  increase  in  altitude  of  flight  increases/ grows. 

Altitude  performance  of  tasraal  rocket  engine  is  depicted  in 


DOC  a 


PAG2 


try 


Fio.  5.5.  Specific  impulse  tiersdl  RD  analogous  with  thrust  with  a 
increase  in  alt^tui'’  f  xlijnt  incteas  is/grcws,  what  5.s  their  area 
advantage  and  it  '.n  principia  iifrers  iharmal  PD  frcm  all  other  he 
engin  es. 
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?iq.  “5.4.  0«n«»n'^enc®  of  specific  iianulae  tKermaL  ?D  on 
•»Tp«T^i*,nro/coT’sunp‘’'lr:n  cf  woricing  m>»diiia/ptop‘»llant  (prop»llaiit 
components)  # 


?lg.  5,5.  Mtitnfl*  p^rferaanca  tfcataal  8D  with  constant  ' valam  /. 


Pag'»/  81. 

55,2.  lodas/conditions  cf  the  wccjt  of  ihe  nozzle  of  chaaber/caneca. 

Tha  nozzle  of  chaahcc/caaaca/  which  has  the  pcescribed/assigned 
expansion  ratio  /«,  can  week  aoder  conditions,  which  are  distinguished 
by  the  r®lationshd p/ratio  cf  the  gas  pressure  in  nozzle  exit  secticn 
and  aabient  pressure  ax  givac  haight/altitude  Ph.  aaong  other 
things: 
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1)  Pc^Ph.  Mo^a/conditions  ciiA  «cc)c  of  r.ozzl’*  under  this 
condition,  as  has  already  been  indicated,  call  calculated,  and  the 
heiqht/al titnd®  a'*-  which  the  nozzle  works  5n  the  design  conditions, 
calculated.  The  pressure  of  gas  detaraines  the  so-called  nozzle 
design  altitude.  The  less  Pi.  me  gteatar  the  nozzle  design  altitude; 

2»  Pc>Pk,  i.e.  gas  is  expaadaa  in  the  nozzl*  up  to  a  pressure  of, 
which  vs  nor'*  than  aebient  pressurt  (gas  expands  incoapletely) ,  This 
node/conditions  the  wcrk  of  nozzle  call  systea  of  insufficient 
exoansion.  It  is  specific  to  tne  nozzle,  which  operates  at  the 
heigh ts/altitudss,  greater  than  rated  altitude,  in  particular,  under 
the  conditions  of  underaxpansion  works  nozzle  any  thermal  RD  in  the 
vacuum. 

System  cf  insufficient  expansion  can  be  created,  also,  with  the 
work  of  eng5.ne  on  stand.  Pot  tais  it  is  necessary  to  raise  the  thrust 
of  engine  whose  nozzle  wcrxs  in  the  design  conditions,  increasing  the 
expenditure/consuapt icn  c£  worxiag  aediua/propellant  into  the 
ehaaber/caaeca.  In  this  case  will  incrsase  pressure  Pk.  and, 
consequently,  pressure  Pc,  so  that  to  be  acsured  condition  pt>pii; 

3)  Pc<Ph,  i.e.  gas  is  expanded  in  tha  nozzle  up  to  a  pressure  of 
less  than  ambient  pressurs.  In  this  case  condition  pc^Phis  provided 
in  some  intecaediate  cress  section  of  nozzle.  During  further  motion 
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along  th®  nozzl®  at  itp  c^artaia  latgth  thr  gas  dcas  net  blow  away 
from  th«  walls.  Thorefrre  gas  is  rt<’- anlarg®,  i.e.,  in  tha  final  part 
of  the  nozzle  its  pressure  is  less  than  the  ambient  pressura.  This 
operating  mode  occurs  at  tha  height  smaller  than  the  calculated. 

In  particular,  cas  prassuin  in  nczzl®  »xit  s®ctior.  cf  th~ 

engine  chambers  of  first  stags  cr  tallistic  and  space  vehicles  is 
usually  selected  approcriats.  Thttsfora  ir  the  beginning  of  the 
oowared  flight  tra-Jectcry  of  such  rockets  the  nozzle  of 
chamber/canera  and  engine  works  uncer  the  conditions  of 
owerexpansion. 

The  system  of  owerexpansion  also  can  be  created  with  the  work  of 
engine  on  stand.  For  this  it  is  necessary  to  decrease  the  thrust  of 
engine  whose  nozzle  works  in  the  design  conditions,  decreasing  the 
expan diture/consumpticn  cf  wording  medium/propellant  into  the 
chamber /camera.  In  this  case  of  pressure  and  Pc  respectively  will 
be  lowered  and  will  be  ensurad  condition  Pe<Ph- 

In  the  process  of  the  climb  the  engine  nozzle  of  first  stage  of 
ballistic  missiles  first  works  under  the  conditions  of  ov®rexpansicn, 
at  rated  altitude  -  scie  aoaenc/torgue  of  time  in  the  design 
conditions,  and  during  further  climb  up  to  the  disconnection  >  under 
the  sonditiens  of  und^rexpansion,  the  degree  of  underexpansion 


DOC 


PAG£ 


f 


continuously  increasing/growin j. 

Page  84. 

Thrust  and  specific  ispulse  ot  aach  this  engine  with  the 
<nvariabl«  nozzle  gacm-try  ia  cat  LCmir.nl  ratrng  hav*  great  valu®,  if 
the  nczzle  of  engine  chaaoer  worAs  in  the  design  conditions.  ;»ith  the 
deviation  froa  the  desicn  coaditions,  i.e.,  under  conditions  the 
under exoansion  and  th«»  cverexpatsa.cn,  value  Pi,  and  /„)!  respectively 
descend.  Therefor®  when  selecting  cf  pressure  Pc  one  should  approach 
that  so  that  the  nozzle  cf  engine  chamber  would  work  in  the  design 
conditions.  However,  in  tha  majctity  of  the  cases  this  is  impossible, 
and  pressure  Pc  is  selected  07  such  so  that  the  losses  cf  specific 
impulse  due  to  the  deviation  free  the  rated  nozzle  conditions  in  the 
powered  phas®  would  be  smallest. 

Tha  value  of  average/mean  specific  impulse  on  the  powered  flight 
trajectory  can  be  determined  according  to  the  equation 

♦  (5-8) 

where  P*ep  -  average/sean  on  tha  powered  flight  trajectory  pressure  cf 
the  atmosphere. 


He  analyze  the  modes/conditions  of  th®  work  of  tha  nozzle  of 
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^:h^nibar /camera,  using  eguation  (5.1).  Foe  the  design  conditions  it 
t*k«3  ‘he  form 

With  the  work  cf  the  nozzle  of  cKaabsr/caa*ra  under  the 
conditions  of  over ra na ion (pe< />»)  product  U(Pe—Ph)  is  negative. 
?h'‘r^for*-  thfl  amtT-.  ‘hrusr  wish  cn^  4cr’<  of  the  nozzle  of 
ohaTio-r/caa^ra  under  ^he  ccndicioat  nf  ov^r'^xnansion  is  loss  than  in 
th®  design  conditions.  The  decraa^e  of  thrust  indicated  can  be 
explained  also,  examining  the  iiagraos/cur ves  of  pressure  on  the 
final  part  of  th®  nozzle  (Fig,  3,o).  Algebraic  cempcsition  of  forces 
vhidi  affect  on  the  rczzla  linar  from  within  and  outside,  leads  to 
the  creation  of  negative  thrust.  If  we  shorten  nozzle  to  lengths  1, 
i.e,,  to  decrease  value  /e.  tnen  tae  engine  thrust  will  increase. 

For  system  of  insufficient  extension  (Pc>Pa)  product  fe(Pc—Ph)  has 
positiv®  value.  However,  in  this  case  thrust  is  lass  than  in  th® 
design  conditions.  Speed  ITc  with  the  work  of  nozzle  under  the 
conditions  of  under^xpansion  is  so  lass  than  in  the  design 
conditions,  that  is  provided  the  xneguality 

In  order  to  translate  tne  nozzle  of  chamber/camera  from  the 
•  system  of  insufficient  expansion  to  the  design  conditions  at 

invariable  pressure  Pw  it  is  necessary  to  increase  expansion  ratio 
/c,  for  example  by  the  elcngacion/aspect  ratio  of  nozzle,  which  in 
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accordancis  with  tqaaticn  (5,3)  iaads  ha  the  incroas?  of  thrush.  Th? 
thrust  ip.cr®T?r.h  iadicatad  can  be  explained  in  the  exanination  of  the 
dj.agrans/curves  of  pressure  oa  taa  imaginary  extension  cf  nozzle 
(Pig,  5.7),  Het  force  with  tne  aljabraic  addition  of  the 
diagraas/curves  of  the  pressure,  which  effects  on  the  imaginary 
“xhs'ngior.  frea  wi*h:r  and  cuisiie,  ?n  the  direchirn  ccirci’i?s  with 
the  thrust  vector.  Conssguentiy ,  ic®  addition  of  nozzle  to  the 
nozzle,  which  operates  under  the  conditions  of  ur.  ierexpansicn,  makes 
ih  possible  to  'ncr^ase  the  angina  thrust. 


'’age  85, 


Dependence  Inn^Hph)  caa  o«  obtained  from  equation  (5,7)  by 
dividing  its  right  and  left  sida  tc  the  expenditure /consumption  of 


th®  working  ledium/propellant  a; 

fzPli 


(5.9) 


Consequently,  dependences  and  are  analogous,  and 

if  altitude  nerformance  is  built  ui  the  fora  cf  graphs and 
^7*  then  both  dependences  are  depicted  as  one  curve. 


Let  us  additionally  explain  concept  "critical  speed"  and  let  us 
examine  the  special  features/peculiarities  of  the  work  of  Laval 
nozzle,  for  which  let  us  analyze  the  nodes  cf  its  operation  with 
different  relaticnships/xatios  cf  the  gas  pressure  in  chaaber/camera  Pk 
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aod  of  ambior.t  pr^ssura  P''- 

4 

Let  US  ■axaffl?.*''®  folLo'4iny  ccnditicns  for  chawbsr  op?ra+‘-ion: 

1)  Ph==P».  wh«ir«  p3  -  pressure  cf  the  atmosphere  in  th»  Sarth  (at 

•^h''  Irvel  of  s’‘a)  ;  pr-psur%  Pk  lo  a:  by  c-ns-^.  nt-; 

2)  pressur®  Pa  constantly  it  i?  iecrcascd. 

Such  conditions  can  be  provided,  if  to  build  up  the 
chambec/camera  indicated  into  the  upper  air  in  the  composition  of  any 
roc  Ice  t. 


At  a  pressur®  of  *he  atisospnere,  only  somewhat  smaller  than  the 
pressure  Pi*i  of  the  gas  velocity  in  the  nozzle  small;  they 
considerably  lover  than  speed  of  sound,  moreover  the  gas  flow  is  low. 
In  proportion  to  lowering  the  pressure  of  the  atmosphere  the  gas 
velocity  in  the  nozzle  increasas/grows,  remaining  in  all  cross 
sections  lower  than  the  local  velocity  of  scund.  In  this  case 
respectively  grows  the  gas  flow,  Nczzle  works  as  the  Venturi  tube: 
the  gaa  velocity  in  the  tapering  portion  of  the  nozzle 
increases/gcows,  and  in  that  expanding  -  it  is  decreased,  the  nozzle 
creating  no  thrust. 


Ph 


\Pc^Ph  \Fc=Ph 


Fi  q  ,  5 .  n  . 


Fiq.  5.  7. 


Flo.  5.^.  Oiaqrans/ctirvcs  of  forces  of  pressure,  which  of  fact  cr. 
nozzle  liner  froa  within  and  outside  with  work  under  the  conditions 
of  overoxpansiop. ,  and  graph  of  charge  in  gas  pressure  along  the 
length  of  nozzle. 

Pig,  5,7,  Diagraas/curves  of  forces  of  pressure,  which  affect  cn 
nozzle  liner  and  iaaginary  extansicn  of  nozzle  froa  within  and 
outside  with  work  und^r  the  ccadacaens  of  underexpansion,  and  graph 
of  change  in  gas  pressure  along  the  length  cf  nozzle. 

Page  86. 


After  the  gas  welccity  in  nozzle  threat  will  achieve  the  local 
velocity  of  sound,  sharply  changes  the  course  of  processes  in  the 
expanding  section  of  nczzle;  gas  velocity  a  ft nr  the  passage  cf 
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cr'+-\cal  cross  S'»c^’cn  uc^s  no;  dci:C-»r.J,  but  it  ijrows.  Nozzle  b-gir.s 
to  (’.->7'“lop  thrust. 

Further  decreasa  cf  rhs  praasur?  of  tho  atmosphara  no  longer 
affects  the  gas  f]ow  through  rha  nozzle,  but  it  continues  to  affect 
tht  '■  trust:  't  ircr  aa?''s/ jr  c  wich  th-'  drer-'as''  of  th»  pr<=ssur-;  cf 

the  atnosph«r«  unt-’ T  t^-a  pressure  cf  gas  Pc  b^ccnas  equal  to  Ph- 

In  proportion  tc  further  decrease  of  pressure  Ph  the 
after-expansion  of  gas  occurs  out  cf  the  solid  nozzle  liners. 
Howe7er,  the  engine  threst  continues  to  grow  due  to  the  decrease  of 
product  /cpfc  in  the  foraula  of  tnrust  and  reaches  greatest  value  Pti 
(when  Ph=0,  i.e.  in  th®  vacuum). 

Let  us  examine  altitude  performances  of  two  engines,  which  are 
distinguished  only  by  nozzle  assign  altitude,  moreover 

/cl  ^  /cf  h  pic^  >  ^piM* 

(Apac’j  -  rated  altitude  for  tae  engine  nozzle). 

The  thrust  of  first  engine  (with  the  greater  nczzle  design 
altitude)  is  more  in  the  vacuum  and  it  is  lass  in  the  Barth  than  in 
the  second  engine.  Censeguenniy ,  the  thrust  of  engine,  which  has 
nozzle  with  the  larger  height,  changes  with  the  climb  more  sharply 
than  the  thrust  of  engine,  wnich  has  nozzle  with  the  smaller  height. 
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This  sn->cial  feahure/peculiarit  y  of  altituda  per'^cr  Tiances  is 
‘^xolain'^d  by  r?  ■'^ucb  irr/descQat  axaainei  above  ’o  *’hP  'ngir.-*  *hras*  ir. 
oroDortion  b'*  bhe  deviation  of  ■ch«  mo-ia/cont^ibicns  of  the  wor'^  of 
noz7le  from  the  calculated. 

■’os-^.  advantageous  from  tha  point  of  viaw  of  obtaining  tha 
ar^afest  s^'^o^fic  impulse  is  lao  nozzla,  which  ensures  ccnditicn 
Pc=Ph  ao  any  flight  al-'^itude.  This  nozzle  is  called  nozzle  with  the 
ideally  variable  height. 

So  that  during  the  stable  operation  of  engine  with  an  increase 
in  flight  altitude  nozzle  would  continue  to  work  in  the  design 
conditions,  it  is  necessary  to  increase  nozzle  design  altitude 
(“xpension  ratio  /^),  moreov>ar  witn  the  work  in  the  vacuus  must  be 
orovided  condition  /o— oo. 

Altitude  perfortnarce  of  eagine  with  ideal  nozzle  examined  above 
is  the  envelope  of  altitude  p>ar foraaccas  cf  motor  Line,  which  are 
characterized  by  only  value  /c  (Fag.  5.8).  Altitude  performance  of 
this  engine  passes  through  the  points,  which  correspond  to  design 
conditions  of  the  work  cf  each  engine  from  the  series  in  qussticn  (in 
particular,  through  points  P»ip»c<ii  and  PApaMs). 
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By  ^xatsole-  Laval  riczzle  aitn  tha  ;radually  variablp  height  is 
the  t  wo-DOR?.t  rer  nozzle  cf  toiiscopic  jcnstruction/design  (Fig.  5.9). 
with  transport  and  «rrk  cf  eagintb  at  low  altitudes  the  jpobile  section 
of  nozzle  is  located  above  exit  section  of  the  fixed  section  of 
nozzle,  which  provii'^s  ccapaotnjss  cf  ?r.gins,  mcr^over  fr=ir:.  At  tne 
large  height/altitul«'  cn  tn^  special  coiamand/cr-w  with  the  aid  of  th= 
hydraulic  drive  ♦•he  'r.chila  seccion  of  nozzle  is  displaced  to  end 
lower  position  (for  exit  section  of  thj  fixad  section  of  nozzle).  In 
this  case  the  nozzle  exit  aroa  and,  consequently,  also  value  /c, 
respectively  increase/gtow.  tieignt/altir ude  h*,  at  which  nust  be 
given  comaand  for  the  displacsaant/aoveaeiit  of  the  mobile  section  of 
nozzle  for  an  increase  in  vaiua  can  be  determined  frca  the  graph, 
shown  in  Fig,  5,8. 

Altitude  performance  of  tais  two-positicn  nozzle  is  ths  curvt- 
BFJI  with  the  fractur®  at  point  r  (cm  Fig.  5.8),  shaded  area  depicts 
gain  in  the  thrust  in  ccmparison  with  angines  2  (area  A)  and  1  (araa 
9)  ,  that  have  nozzles  with  an  icvariaole  nozzle  exit  area  of  /cj  and 
fc\  rospect5.vely. 

The  example  of  the  nozzle  the  expansion  ratio  cf  which  can  be 
smoothly  changed.  Is  nczzle  with  the  shaped  needle  (Fig.  5,10). 
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aro?.  changes  '.a  th«  conscaat  nozilfe  '^xi+-  ar?a  by  displacing 
the  shaped  needle  wi*-.hin  the  chaober/ciniera. 

In  the  overwhelming  majority  of  thermal  rocket  engines  th® 
tenoarature  of  gases  is  sufficiently  high.  Because  of  the  need  for 
'•he  -»ss'»rtial  compl  ics  ticn  of  aagir.*  ;.iJ  nozzles  no*’  only  with  ■'■.ho 
smooth,  but  also  with  the  stecaed  variation  expansion  ratio  in  thr 
contemporary  engines  in  fractice  do  not  us». 
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’=“iq.  5. Al*iqu'3o  p«r "^cradnces  thernal  3D  with  Jiff^r^nt  invariable 
no77l«»  design  altitude  (1,  2)  and  altitude  porforma nee  theraal  RD 
with  ideally  variable-  height  (J), 

Key:  (1) .  continuously  it  changas  so  that  at  all  heights/altitudes. 

Page  8d. 

§5.  3,  orecedura  of  the  appreximata  coaputation  cf  chaaber/canera. 

In  the  seri'es/nuaber  of  handoooks  for  the  working 
led'' ua/propellants  (coabustion  prooucts)  are  given  the  values  8  and 
sp,  which  in  the  apnrexi  lata  coaputatioas  can  be  with  certain  error 
accented  as  constants.  Then  calculation  of  chaaber/caaera  is  obtained 
sufficiently  to  siaple  ones. 
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Fqua*ion  (t.^)  into  account  rr  laticrsh*. p/rntto  (fi.m)  can 

b<?  written  in  th®  fell  owing  ter  a: 

^,  =  A'p?m.  (5.10) 

During  calculation  of  sngin®  taruat  ?„  is  tie  assigned  aagnitud®. 
Th«r®for»  for  calculating  the  eapecditure/consuapti on  of  a  at  the 
'<r.ovr.  valu=»  ^  i*:  '3  r^c-^ssary  iz  Uf-tarainc  only  coo  f f i.c ian*  Kp. 


It  is  possibl®  *0  shew  than  Valu a  Kp  with  the 
orescribed/assignei  werkiag  ae iiua/propa llant  (prescribed/assignad 
propellant  coapenents)  and  the  pcascribad/assigned  expansion  ratio 
/c  depends  only  on  values  ec  and  Hp.' 


If  w«  substitute  values  o£  a  and  froa  eguations  (4.14), 
(4.15)  and  (4,23)  into  formula  (l..<i)  and  lot  of  relationship/ratio 
(4,13),  (4.12),  (4.16)  and  (3.10),  then  after  sene  algebraic 

con  versions  w®  will  cbtain 


f  2«r,  (  2  •)/(",-»)/  I  \  /c 

- V  /Ip- 1  l/ip+ 1)  .(;p->)'"p  .c  • 
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P?o.  5,9,  Two-posi+.icn  nozzle  jz  ntlascopic  ccns+ruct.ion/1>si qr.  ^  - 
ex-^Pisibl^  section  of  rczzle;  2  -  oreolcat  for  fastening  of  stccic/rci 
of  hydro-eire /hydro-conductor ;  3  -  cylinder  of 
hydro-wire/hydro-condoctcr;  4  -  stock/rod  of 
hydro-wire/hydro-conductor;  5  -  eounting  bracket  of 
hydro-wire/hydro-conductor;  Ig  ana  Ij  -  length  cf  chaaber/caaera 
before  and  after  advancesent  of  section  of  nozzle. 

Fig.  5.  10.  Nozzle  with  shaped  needle. 

Page  89. 

In  d9.5.  it  vas  noted,  that  necessary  nozzle  expansion  ratio  /« 


depends  only  on  '‘p  and  ec;  thetafoca  thrust  coefficient  in  the  vacuum 
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is  their  function,  i.^., 

values  h'r  for  '‘p  fcaa  I.Jd  to  1.25  and  for  fro*  20  to  <*500 
ar^  tji7»n  in  apo«riijf  u. 

Accrr-’ i" 0  *"o  or-ecrio-id/aisi  jr.‘‘ 1  tnr  j?t  P„  and  cb*air  ->  i 
•xoandirur^/con^unctrcr.  a  it  ij  possibia  to  datarain®  specific 

laouls’  the  vacuum: 

/ 

'  tM  M  ^  ' 

tn 

Ar«a  /„p  is  f<-ii-d,  tsinj  ajuacxcn  (1.5): 


whil*  acMa  /•  •  accordiag  to  •^itM.txca  (4.12); 

■orsover  value  /«  is  d«t«raioei  oa  equation  (4.13)  and  appendix  3. 
Aft»r  accoapl ishing  ef  calculatioas  indicated  i*  Is  pcssibl®  tc  fin 
P.  an  frc*  aquaticna  (1.12)  and  (1.23). 

Is  exaainel  bslov  tha  axaapla  of  tb*  approxiaa^e  coaputation  o 
the  chaaber/caaera  of  oxygen- hydrogen  ZhRO. 

Exaeple.  To  d*t*raine  values  a,  /rt.,,  p,  and  for 
oxygen-hydrogen  Zh»0,  if  are  pcescribed/assigned  the  following 
paraaetars:  p,-ioo  kn,  bar  ana  ^.-0.5  bar. 
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Silutior.  1.  <!■=!  valu-’s  np  ar.  3  ^  for 

fu  =  1/prop allanr  o*  oxycsn^hyir  Ja«3,  usia^  TTibl^s  10.5: 
n,-1.23:-.  tJ-2431.1. 


2.  We  coefficient  Kr  in  appendix  4.  for  ^  -p.  p  =  100/O.5-200 

-  ■-=  1 1  >  -f  -  K  r  -  >!.»'.  -*—P  r 


ConPid^r'^a  chare*  Ap  linear  i"  tf.  e  r*naa  of  cham**  '*■  froirs  1.23 
*0  1.24,  ve  '^b*ain  fer  np“i.232 


K 


p 


1.7903  — 


(1,7903— 1.7807).0.002 

■  Oi 


.78«4. 


3. 


We  determine  area  t,t: 

P„  100- IPa 

"  1.78M10010* 


-0,005592  Jf2 


5592  MMi. 


4,  we  find  extarsicn  ratio  f,.  ‘hrougn  appendix  3  for  ar-i.;3  and 
'••  —1.24  value  f,  is  equal  to  1d.34p  and  18,  235  respectively. 
Therefore  for  «*“i.232 


/*- 18,745 


(18,745- ie,285)-0,0(g 

0,01 


18,745-0.0920-  18.5530. 


Consequently, 

/,  .7,/,,  - 18,6530  5692  - 104  308  JM>. 
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S.  We  determine  expenditure/consunotion  o^  m: 
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P. 


:oo 

1,7884-2431.1 


C’ 

K  23.00  Kz  eetc. 


Koy;  (  1)  .  kT/S. 


6.  W<»  so«cific  lapulsa  in  vacuus: 


P  100  10^ 

/ ,  -  =  — r-  =  — — - -  4347, ■?  H  ci’K  v;. 

m  23. ou 


■<-  v:  (1)  .  N  •«!/’< a. 


7.  W3  ?'*t!  *hru?‘^  and  SiiaciiAC  iopils*'  at  the  lev^l  of  sea 
(P, -1.013  bar)  :  /’3-P.-P,/c-10OOOU-1,0131O‘1O4  36O-1O-*-89'428  „  j 

/  ,  3888  2 


Kcv:  (1).  N«s/)tg. 


55.4.  Effect  of  the  basic  caicalatdd  para»«ters  on  the  specific 
impulse  and  the  sizes/diaeasicns  cr  chaa ber/camera. 


In  55.1  is  exaained  tbe  aitituda  effect  cf  the  flight  of  rocket 
vehicle  and  floe  rate  per  seccad  to  the  thrust  and  the  specific 
inpulse  of  theraal  rocket  engines.  Shows  below  the  affect  of 
different  calculated  pazasetars  on  the  specific  impulse  and  the 
sizss/dimensions  of  thenal  ao. 
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Complex  ^  aff-3c*s  the  thcust  in  the  dir’ctly  proport icr.al 

iepenfl^nce.  In  64. S  it  was  notad^  that  the  ccapl®x  8  is  thcrno'Wr.a a ic 
oropnllant  proD*rty:  it  only  ta  ta*  law  degres  depends  on  values  pv 
and  K- 


It  's  possibla  *r  shov  that  wnec  np=const  relation  ft^iPa 

not  depend  op.  valna  8«  Actuaily/raaliy,  if  we  consider  sguations 

(4.14)  and  (6.10),  we  will  ootiin 

ftp  _  wg  1 

Pa  Pa^^p  Pj^p 

Index  Up  changes  during  tne  utilization  of  differant  working 
■ediuB/propellants  (propellant  coaponents)  in  a  comparatively  low 
ranga  (see  Table  10,  5)  .  Therefore  talcing  into  account  the  fact  that 
relation  f^Pa  does  not  depend  on  conplex  it  is  possible  to  draw 
the  conclusion/derivaticn  that  alx  types  thermal  RD  of  one  and  the 
same  thrust  are  apprcxiaately/axes^larily  identical  with  respect  to 
sizes /dimensions. 

The  effect  of  index  Sp  <4C  k  on  tha  sizes/di mensicns  of  nczzle 
(to  degree  of  widening  /c)  is  ezaaxnei  into  §4.5.  Let  os  additionally 
note  that  wf;^h  an  increase  in  xcdex  np  the  lateral  divergent  section 
surface  analogous  with  value  /e  is  dscraased,  which  leads  to  the 
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appropriate  of  the  aass  or  aorzl^i  an-i  ?- oplifios  -.ho  problem 

of  its  coolinq. 

The  effect  of  on  coeiflcient  Kp  osr.  be  evaluate!, 

examining  appen'^ix  4,  The  effect  indicated  is  relatively  small:  with 
chanq^  ‘v'-'m  1.0d  ■^o  1.25  coifiicien;  Kp  i=  -rr i- i  by  ^r/r  who" 
g^,=20  an  i  by  I60/0  when  ec  =  1000. 

Page  91. 

pressur®  Pk  rotic«aJ:ly  affects  cha  specific  impulse  and  the 
sixes/dimensions  of  chamber /camera  thermal  RD.  with  an  increase  in 
pressure  Pit  to  80-100  tars  'dC-100  kgf/cm*]  at  invariable  pressure 
Pe  specific  pulse  substantially  iS  increased,  but  with  further 
increase  in  pressure  Pn  specific  iapulsa  increases/grows  less 
noticeably,  and  in  this  case  increased  valuas  Pk  are  selected  to  the 
greater  degree  for  the  decrease  of  sizas  of  nozzle  and  chamber/camera 
as  a  whole,  than  for  an  increase  in  tha  specific  jet  firing. 

In  spite  of  the  need  for  an  increase  in  the  expansion  ratio  /« 
at  an  increase  in  pressure  Pk  acd  invariable  pressure  P<-  the  absolute 
sizes/diaensions  of  nozzle  (first  of  all,  area  fc  and  are 
decreased.  The  special  feat ure/peculi acity  indicated  can  be 
explained,  using  equaticn  (4,  14). 
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an  increase  in  i-Tedoare  /?,.  araa  /kp  is  iecreasei 
aoorn  ici  !^2  tsly /"  T‘>5iplar '  iy  in  -at  itvarsaly  proper*.' cnal  lep^r.'ie.nce. 
Complex  ?  wi*h  increase  Pk  insijair icantly  increas^s/grows.  Du®  to 
the  effect  of  pressure  cn  the  specific  impulse  for  the  creation  of 
=n‘  yir-.  ,\,i  iicr:-asn  in  pr^^.-irf  :  s  rnriirjl 

*h s:n’ll^r  =  rp  =n'^  it  II  re/cor.  3j  .11  prior,  of  •or'<ir..7  li 'ii/prop 'llant 
(oropellant  comoonent.e)  whicn  leads,  as  can  be  seen  from  equation 
(u.  ia)  ,  *0  additional  reduction  in  area  /hp. 

With  tha  decrease  cf  pressure  Pc  increases/grows  the  specific 
impulse  cf  chamber/camera  but  simuitanaously  they  are  increased  the 
sizes/iiaensions  of  nozzle  (discharge  area  fc  and  the  lateral 
di  v«»rg»nt  section  surface) ,  vihicn  is  undesirable  as  a  result  cf  an 
increase  in  th®  aass  of  nozzle  aad  increase  of  the  difficulties  of 
its  cooling. 

The  selection  cf  cptiaun  values  Pk  and  pc  depends  cn  type  and 
special  features/peculiarities  cf  theraal  RD  (see  §9.2  and  6.2). 

In  a  number  of  cases  instead  of  one  charaber/camera  in  the 

thermal  rocket  engines  they  use  several  cbambers/cameras,  which  have 

the  same  gro.es  thrust.  The  effect  of  the  division  of  unit 
chamber/camera  into  n  of  cnasoets/cameras  is  manifested  in  the  fact 

*hat  during  *he  divis^’er  indie  iced  also  increases /grews  their  lateral 


surface 
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Chanter  VI. 


VOZ7LE?;  OF  THE  CHAHBFHS/CAMEaAS  OF  TH2.HHAL  RCCKFT  ENGIMF5. 

Th'>  no7zl«  of  chaaifcer/caiBata  -charBal  RD  ccrv*»rts  gas  enthalpy 

,'c:c 13!^ ’  on  nro'^nc^s  cr  dacoacasiticn/axpar.  sicr. ,  h-atin?  pniac*.-', 
irfo  tha  (tinetic  j-at  orergy. 

During  design  cf  nozzles  it  is  necessary  at 
pr=scrihed/assign«d  pressure  P<-  tc  radace  ■*■0  a  iriniaiua  of  loss  ir.  th^ 
nozzle  and  t.o  ensure  fee  prescriDSu/assignad  areas  /kp  and  fc  least 
possible  length  and  the  lateral  sucfac’i  of  nozzle,  which  gives  the 
series/niiaber  of  advantages,  naaely; 

a)  is  decreased  the  nass  of  nozzle; 

b)  is  facilitated  cooling  cozzla  and  chanber/cainera  as  a  whole; 

c|  is  decreased  the  hydraulic  resistance  of  the  coolant  passage 
of  nozzle  (if  it  is  coded  by  the  werhing  rnedium/propellant ,  which 
takes  place  between  the  double  nozzls  liners) , 
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During  calculation  of  idea  ccncrats  nor-zl®  ■'t  is  inip'?rt?r.t  tc 
find  its  optimal  prof ile/airf oil,  ar.i  also  optimal  qecTietric 
ralationshipe/ratios. 

In  fern  ar=  dist'  rguisned  circular  nor'zlp.s  and  -win’',  th^ 

inr.<?r  body  (Fia.  6.1).  Cn  rha  jscactric  fern  cf  divorg’r.t  £'=-ct-.or.  thr- 
ciroular  no7!7l»s  ar*  subdivided  into  taa  conical  ones  and  shaped. 

Conical  norzles  (Fig,  6.2)  satisfy  with  angle  2^.  by  the  equal  tc 
approxiaately/exenplarily  25-30°,  For  prescribed/assigned  nozzle 
expansion  ratio  with  an  incraase  in  angle  200  is  decreased  the  length 
of  nozzle  and  the  surface  of  its  walls,  but  increase/grow  losses  to 
the  non pa rail el ism  of  the  straans  of  taa  flow  of  gas  of  the 
longitudinal  axis  cf  nczzla.  Conical  nozzles  are  most  simple  in  the 
manufacture,  but  they  in  the  magnituda  of  losses  and  to  mass 
characteristics  are  inferior  to  shape  1  nozzles. 

Shaped  nozzles  (Pig.  6.3)  are  the  most  widely  used  type  of  the 
nozzles  of  chambers/cameras  tharaal  RD.  They  have  variable  along  the 
length  of  divergent  section  expansion  ingle  29:  greatest  in  the  area 
of  critical  cross  srrticn  and  saaiisst  in  exit  section.  Such  a 
geometry  provides  the  essential  advantiges  of  the  shaped  nozzles 


b»»fQr=  ccni.cal;  w-'th.  c?a  ana  -ca-a  ;hru.=  ^  cc>:  f  f ic:  -  Kp  largth 

=\T'.'i  mnss  c*'  shaped  nczzles,  ana  also  th  =  sorfao?  of  fhair  wslls 

is  aoproxinat.ely/exRmplarily  to  30-50  O/©  l  =  ss  tran  in  conical  on=?s. 


j .  I .  ?x  j.  6.2, 

Pi-T.  6.1.  Typo?  of  no72l€s  of  obamoprs /cameras  ?D:  1  -  shape'1  ;  2  - 
co^.^cal;  3  -  nozzl"!  iE-tornal  expansion  (wf'^h  skirt):  4  -  nczzla  of 
'ixt^rnil  expansion  with  ianat  oody  ia  ihe  fcrm  cf  cone;  +at  and  -a  - 
ocgi.tive  and  n'^gati.ve  angles  of  suifaca  slope  of  critical  cress 
section. 

Fig.  6.2.  Duct/contour  cf  conical  uezzia  cf  chaober/caraera, 

’’a  a  a  93. 

Tha  characteristic  faatura  of  nozzles  with  the  inner  body  is  the 
fact  that  their  critical  cross  section  is  ring, 

Tha  nozzle  throat  plane  with  tha  inner  body  in  the  particular 
case  can  be  arranged/located  parpendlc ilar  to  the  axis/axle  of  the 
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cha  sb''r/ca?!''r^  (i*  Is  analcgoas  With  circular  r.rrzl®)  .  3ut  graat^rh 
ir.-^ar®s*-.  ar*?  of  •’■h-a  sn-call€(l  nczz^as  hh?  forcsd  isvia+ior.  of 

*low.  ■^h'’  plar."*  fhfrr  critical  or.as  of  cress  sacticn  is 
arranqe^d/locat'a'i  at  esrtain  angle  (positiv«=  or  regativ*?)  to  th® 
axis/axLa  of  chamb^^r/c amera  (ca  Fig.  6.1),  which  causes  the  deviation 
of  fl'"/  •'•o  th»  ax's/?>xl«  cf  .iczzit  {to  thf  irn^r  bcov)  er  fr^o  it  (*c 
-ho  -x-irnal  noozl'*  liner,  cali€u  tkirr)  .  3y  changing  th^  angl* 
ind5.cated  i*  is  possible  to  ootait  diff?r&r.t  cf  th=  distribution  of 
thrust  b'^tween  th®  inner  body  ana  thi  sxirt. 

I"  the  flow  of  gas  divarges  ct  thi  side  cf  inner  body  and 
entire/all  thrust  is  created  by  inter  oody,  then  skirt  can  be 
removed,  in  this  cas**  the  flow  cf  gas,  which  escapes  behind  the 
nozzle,  from  the  outer  side  wild  ceme  into  contact  with  the 
environment.  Such  nozzles  call  nozzlss  with  the  external  expansion. 
Inner  body  is  comple-*--=  or  truncated  cone. 

If  the  flow  of  gas  diverges  tc  the  side  of  skirt,  and  sntire/all 
thrust  is  created  by  skirt,  thoc  inner  body  it  is  expedient  tc 
satisfy  by  short.  The  flew  of  gas  is  forced  against  skirt  and 
occupies  only  peripheral  volume  in  the  walls  cf  skirt.  In  this  case 
with  the  environment  touches  tne  internal  surface  of  the  flow  of  gas. 
Such  nozzles  call  nozzles  with  the  internal  expansion. 


DOC 


PAGE 


Nozzl^is  wi*h  th*^  rnsr  aoiy  possess  thp  isss^^ntiai  ad vant ag'=^s  ir' 
front  of  th'?  circular  nczzlas.  Ihrust,  arriving  ?sr  unit  cf  th- 
surface  of  inner  body  or  skirt  (especially  near  the  critical  cross 
section  where  their  surface  is  almost  perpendicular  tc  the  axis/axl= 
of  chaaber/camera) ,  i*  is  considerably  more  than  the  thrust  cf 
circular  nozzles.  Therefore  thi  nozzles  with  the  inner  body  *.o  the 
crust  of  circular  ones  whose  wails  are  arr anqrd/locat nd  at 
sufficiently  small  angle  tc  the  axrs/axle  and  must  havt^  large  surface 
for  the  creation  of  cne  and  the  sam®  thrust. 
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Fig,  6,1,  Ccr.  St  ruction  c£  the  ducc/ca  ntour  of  shap’-i  nozzl?  of 

chasb'ar/cam'sr  a. 


Page  94. 


The  idportant  advantage  of  nozzles  with  the  inner  body  is  the 
automatic  regulation  of  expansicn  catio.  During  the  off-design 
conditions  of  the  work  cf  nozzle  tne  flow  of  gas  changes  its  volume, 
with  the  work  under  the  conditicns  of  underexpansion  the  flow  of  gas 
is  forced  against  skirt  in  the  sozzla  with  the  internal  expansion  or 
against  the  inner  body  in  the  nozzle  with  the  external  expansion.  Th'» 
possibility  of  the  overexpa csioc  cf  flow  gas  in  such  nozzles 
virtually  is  eliminated;  gas  is  expanded  only  up  to  a  pressure  of  th« 
environment,  after  which  it  slows  away  from  th<»  inner  bcdy  or  the 
skirt.  After  all  with  fcrm,  nozzles  wirh  the  inner  body  provid®  the 
optimal  expansion  ratio  of  gas  and  high  specific  impulse  with  the 
work  of  engine  at  any  height/altixude . 
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Nozzles  wrth  th«  irnar  aoly  ax  ^  lacat''d  ir.  th'>  s*,??-*  cf 
Invostiaat^.ons,  \rA  for  their  i ttrc^^ uction  in  th®  r®al 
CO’' structions/d-' signs  is  in  pxospoct  cf  ov^rccmlr.g  tho  seri^s/number 
of  diff icnlti'is  -  f’rst  of  ail  tc  tclv^  th'^*  problom  cf  coding, 
r"- 1 7:^ -r  "/ca ’i®r»s  wif'-  -^hs  nozzlet  x.'2izat~i  coss^ss  ir.  ccnparisor 
wit!-'  'xs'ial  tvp®  rhanb-^rs/catnecis  gif^atar  surfac®  wnich  sas^  b? 
cooled.  Vozzles  with  the  innar  tody  have  considerably  greater 
oer'''nater  of  crftical  cross  osctioi.;  as  it  will  b®  shown  in  6hapter 
,  ir  the  r'^gi')’'.  this  cross  sacticn  haa*  fluxos  from  the  gas  to 
the  wall  have  the  greatest  vaiaes.  Furthermore,  in  the 
ch amber s/caneras  indicated  hinders  the  delivery  of  coolant  tc  the 
surfaces  of  the  walls  which  lust  be  coJled. 

56, 1.  Losses  in  the  nozzles.  The  stlrciion  cf  form  and  expansion 
an g las  naff®!. 

The  forms  of  losses  in  the  nozzles  were  given  into  ^H.6.  Let  us 
examine  the  losses  indicated  in  note  datail  C 

The  losses,  caused  by  nonparallsl  nature  of  the  streams  of  the 


working  axle  center  cf  the  nozzle  (sse  Pig.  1.6),  in  parallel  to  the 
axis/axle  of  nozzle  flew  out  only  the  streams  of  the  working 
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,  arracgad/iocactd  iJiu-  ?x?.s/axle  of  nczzl*^. 

?=aaining  s*r3ani3  flew  cut  oehicd  thr  aozzla  af  certain  angle  to  its 
axis/axl*,  •'•ho  angle  ircreasinj/grcwin j  in  prcpcrticr.  to 
removal /distance  *re«  the  axis/axie  af  nozzle. 


T?  ^  ^h"*  CO  9  f  f  iCi '  -ip  which  c  r  ^  r  '  r  1 2  ®  s  c  h* 

Iosyas  ir.iioatai  i::£  d&signata  its  » i)  from  angle  Ot  is  exoressel 

by  the  equation 


(6.  n 


Are  given  below  values  Pj;  toe  soma  angles  20c: 


2»e 

16 

20 

24 

28 

32 

36 

40 

9\ 

0,9972 

0,9951 

0.9924 

0,9690 

0,9851 

0,9806 

0,9755 

0,9696 

Formula  (6.1)  is  valid  for  tae  roiical  nozzle.  However,  Mt  it  is 
Dossibla  to  use,  alsc,  for  taa  shat®!  aozzles,  since  coefficient 
for  tham  depends  in  essence  on  angle  9  in  nozzle  exit  section,  i.e., 
from  angle  therefore  for  the  saaped  nozzles 

1  -t-  CO*  8c 

9i^—  • 

Page  95. 


Wall-friction  less  cf  nozzle.  With  the  flow  of  working 
medium/propellant  about  the  nozzi.««  linirs  appears  the  force,  caused 
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by  the  presence  of  the  friction  or  wording  raei inm/propellar.t  against 
th®  walls,  I*  '^''craases  to  a  carrajr.  ectsnt  th-  thrust  forc=  of 
chamber/canera.  For  prescrioad/as jigna i  areas  an  i  •:h-=‘  losses  to 
the  friction  descend  with  the  dacrease  of  th®  length  (and, 
conseqaently,  of  surface)  of  nozzxe,  ani  also  with  an  improve nier.t  in 
Durit y/f5 nish  of  the  treatment  cf  zna  int-rral  surfac®  of  -h-ir 
walls.  'Vail- friction  less  ate  astimatai  by  co^f  f  icisnt  #2! 
nozzles  Zh'^D  ■*2  =  0.930-0,995. 

Fntry  loss  into  the  nczzla.  Above  it  was  assumed  that  gas 
reaches  critical  speed  ()r=aKp)  strxctly  in  the  throat  plane.  In 
reality  as  a  result  of  the  coaptession  of  gas  jets  during  their 
motion  along  th*  tapering  pertien  cf  tie  nozzle  the  pressure  in  the 
central  streams  is  more  than  aiiouc  its  wall.  Therefore  gas  in  nozzle 
liners  earlier  is  accelerated/dispersei  to  the  critical  speed  and 
crosses  it  over  th®  curved  surface,  which  by  its  convexity  is  turned 
to  the  side  of  expanding  section  ot  nozzle.  With  excessive  camber  in 
the  critical  cross  section,  and  axso  in  the  region  of  coupling  the 
ducts /con tours  with  the  different  curvature  can  appear  the  large 
nonuniformity  of  the  field  ox  the  velocities  in  the  critical  cross 
section,  shock  waves  and  flow  oteakaway.  The  noted  special 
features/peculiarities  affect  tte  character  cf  flow  in  the  expanding 
section  of  nozzle,  causing  the  appropriate  losses.  In  order  to 
exclude  th«»  possibility  cf  the  tawtgence  of  shock  waves,  nozzle 
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contour  is  satisfied  in  tKa  fora  jufficiar.t  expanded  and  smooth 
curv*^.  Entry  loss  into  ths  nozzle  w*ll  bo  lew,  if  w=-  cbs®r7»  th^- 
followinq  rslationships/ratios  du,:ir.j  taa  constriicrion  cf  nozzle 
contour  (se«»  Pig.  6.2): 


1)  +■  he  radius  of  couaiinj  tha  iaswjpt  an  i  '•-xnan 


nozzl  0 


/?,=(0,65 


7  s 


2)  the  radi  us  of  rcupliuj  cjxinlrical  chamber  wall  with  th » 

taoering  portion  of  th®  rozzio 

/?,=  (0,4-t-O,5)  ^Kp; 

3)  the  angle  of  the  tapariny  portion  of  nozzle  20„ “60-4-90“:  however 
freguently  the  conical  section  is  absent,  i.e.,  radii  Rj  and  R^  are 
coupled  with  each  other. 


For  the  construction  of  the  a ucr/conc cir  of  profiled  nczzle  are 
recoamanded  the  following  ralatioashi  ps/ratios  (see  Fig.  6.3): 
/?i“0,75dKp  and  n®*0,225dRp. 


Page  96. 

The  construction  c£  the  divaryent  section  of  shaped  nozzle  is 


exasined  at  the  end  cf  the  prasenw  paragraph 


Dnr  a 


L 
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L5ssas  to  *•*'.0  i r»=  quiliDciaa  ot  thi  ?rrc»s>-  cf  “xpaision. 
q'»os’'-^fn7  nr  j-qren  cf  inaia-Aitr i  in  (n»r*'»lly  cr  completely 

'in  bal  ari'Tad  axoans'nr)  *’h€  suacit^o  of  cbambcr/caBara  doscenls 

bv  5- n  O/^  in  compariscn  Kitn  its  valuj  for  t*:®  equilibrium 
“If  aanslon , 

Lr!5S'5?,  ca'iret  v-y  trj  or  a.icr./ 1 '  a  c /a  1  '' r  frcr.  t-.'  w-r-''.r.  ; 

ni“diun/nrcp“llant  ■*•0  the  walls.  latse  icsse!^  iepend  cn  ♦■he  tyo®  of 
coolina  rhamber/camara .  If  cnaaoec/cam-ar  a  has  t  h®  coolant  passaq®, 
and  th-»  taVing  plac''  cr  it  ccciai.c  fs  j'lpplied  ♦'han  irsida  tba 
chamber/camara,  than  the  lossas  ci  spe  :ific  impulse  as  a  result  of 
th“  branch/rnaoval  of  the  heat  ct  working  med iua/propel lant  into  the 
walls  will  not  b».  If  chamber /caaer a  d>es  rot  have  ♦■he  coolant 
oassag^,  then  the  hnat  fluxes,  which  come  frca  working 
ii“d'*uni/nrop“llart  the  walls,  give  rise  to  tho  appropriat"?  loss“s  cf 
soecific  impulse;  in  this  case  ci  cha moer/camera  it  forever  radiates 
heat  into  the  surrounding  spaca. 

Losses,  caused  by  the  formation  of  the  condensed  phase  to  the 
process  of  moving  the  working  aeoium/ pro pell ant  along  the  nozzle,  m 
a  number  of  cases,  for  example  with  tha  addition  of  metals  into  the 
fuel/propellant,  in  the  products,  which  take  place  on  the  nozzle,  are 
formed  the  particles  cf  tne  condbasel  ahas®.  A  temperature  drop  and 
an  increase  in  th“  particle  speea  lemains  frcm  a  change  in  th? 
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cc r SDond:  nj  oaran^^^rs  of  wi.roh  conditions  th*  losses  of 

SDocific  iapuls*?;  in  certain  cjssii  thess  losses  can  ccapose  3-i0o/o 
and  more. 

Expansion  angl^  ?n  exit  sactxcn  of  shaped  nozzles  is  selected  in 

li'^i*-s  fftc  =d''!-2do. 
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?  *  6  8  10  n  l<4  t6 

Fiq.  6.4.  ThA  dAp^n'lAnc*  of  anjl^s  e,  ind  •  or  valu»s  of  ratios 

Uirnt  \r^<\  rjrut  (nu«Arals  on  tha  lines  icdicat*"  argils  ^  r.  t  ho  doqrs^s)  . 

PagA  97, 

During  calculatfor  cf  angle  Oc  of  the  nezzlos  themal  BB  with 
♦■he  large  height,  intendfd  for  tne  worx  in  th®  vacuum,  it  is  oossibl 
to  use  the  equation 

where  f^e-WdOc. 

Radius  rc^dd2  cbtain  troa  tae  tharaal  design  chaBbers/caaeras . 

The  lissing  for  tha  conecruction  of  th®  iuct/contour  (sea  Fig. 
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6.1)  valu3S  (anale  tj*  and  wha  iaii'jth  of  nczzli?  U)  ar*  dPterain^d  with 
th®  aid  of  th->  jril  (Fig.  b,4j. 

Nozzlfl  contour  in  tka  sjczicn  frca  point  b  to  point  C  is  the 
oarabola,  construction  ty  which  shown  in  Fig.  6.  3. 

66.2.  S«l®ction  o*  opt'irai  pressurt 

For  the  f'rst-?*ag«*  anginis  of  ro'kats  it  is  expedient  to  sel-»ct 
this  gas  preasur**  in  nczzla  aicit  secticn,  with  which  the  mode  of  its 
ooeration  to  the  smallest  degree  aeviaras  fren  the  design  conditions 
on  the  arerage  along  tte  trajectory  of  the  powered  phase  (see  85.2). 

For  the  engines,  intended  for  the  work  in  cuter  space,  pressure 
Pt  can  be  selected  as  tc  low  ones  as  ijsired,  and  in  spite  of  this 
rated  nozzle  conditions  will  not  be  secured.  It  is  necessary  to 
indicate  that  the  selection  of  very  low  pressure  Pk  causes  under 
condition  pn —const,  on  ere  hand,  an  increase  of  the  expansion  ratio  of 
gas  in  nozzle  ec.  and,  ccnsegjently ,  spacific  impulse,  but  on  the 
other  hand,  increase  cf  toe  necessary  sizes/diaensions  cf  nozzle 
(value  fe)  and  s  mass.  The  criterion  uf  the  selection  cf  pressure 
Pe  is  the  characteristic  velocity  cf  rocket  vehicle  or  its 
steo/  stage. 
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■(J'nh  sin  5ncr='H3<‘  in  arad  c»-  /  il  ;  >  !c  =  Jc.om  (Fig.  6.5)  arc  th 
corrssponiirg  cf  prasaurt  P'  jrc'w^h  ir  tha  specific  inpuls 

c^^v^rs  aff-sc*:  rf  ar  incraaofi  xr.  t'li  sas's  cf  nczzlc  by 

character is+ic  valocity,  so  chat  th«?  litter  increasos/grows.  With 
farther  increase  in  area  fc  anJ  corrasponding  decrease  of  pressure 
Pr  '  ncrc.as  js/jrcws  ^hi  gr^at-?r  dc_:r^a  ■*:har.  is 

incr'»3sad  specific  irralsa,  as  a  rtSuLc  of  yhich  the  charicceristic 
velocitT  is  decreased. 

The  effect  of  a  change  xn  the  specific  iapulse  and  mass  of 
engine  on  the  characterisxic  velocity  of  vehicle  is  ccnvenient  to 
estimate  so  called  mass  aguivaieni:  of  specific  impulse. 
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Page  98. 

Lat  us  write  the  eguatijn  of  TsioDcovskiy  for  the  worlc  of  engine 
'.n  tha  vaciium  when  V'„a,=0,  usinj  r  slat  i  ^r.sh  5  ps/-at  io  s  (2.1)  ard  (i.22) 
and  after  designating  relation  //iaaq/mw,„  through  |Xkoh: 

^KOM  ~  PiCOB* 

Lat  US  differentiate  the  cttalred  eguation,  counting 
=const: 


0=rfV.Inp.„4-/, 


'y*.» 


Micob 


7^- 

rwo*  *ya,a 

Lat  us  write  the  latter/last  tguation  through  the  increases 


AHiiob 


tJ 


y*.n 


(6.3) 


f*KOB  •  yji.n 

Equation  (6.3)  is  the  equation  of  the  equivalent  of  specific 
inpulse.  With  its  help  it  is  possxcle  to  deteraine,  it  is  expedient 
to  increase  specific  iapulse  via  the  selection  cf  lower  pressure  Pc. 
or  this  increase  beccaes  unfavoiaele  due  to  increase  of  aass  of 
nozzle.  Tentatively  it  is  possible  to  consider  that  to  an  increase  in 
the  specific  impulse  on  cne  percent  is  equivalent  the  decrease  of  the 
finite  aass  of  vehicle  tc  10-15c/o;  the  value  indicated,  as  can  be 
seen  from  eguation  (6.3),  it  depends  on  value  h^ob  rochet  vehicle. 
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With  th®  i®cr®as9.  cf  the  mase  of  the  finite  segments  of  nozzle 
(for  example,  via  failure  of  the  ccolaat  passage  with  the  double 
walls  and  the  transiticc/traasfer  for  the  ceding  by 
radiation/eaission  intc  the  sarroanding  space)  it  is  possible  to 
additionally  decrease  pressure  p.  and  to  raise  specific  impulse  /yj,. 

In  the  presonce  of  the  ccolaat  passage  it  is  necessary  to 
consider  the  following  shortccmings,  connected  with  the  decrease  of 
pressure  with  an  increase  in  area  and  expansicn  ratio  h 
(besides  the  shortcoaings,  caused  by  an  increase  in  sizes/diaensions 
and  aass  of  nozzle) :  incteases/grows  hydraulic  resistance  of  the 
coolant  passage  of  nozzle,  and  beccnas  cooplicated  the  pcoblea  of 
cooling  chaaber/camera. 

For  the  nozzles  of  the  enjina  chambers  of  the  first  pressure 
stage  usually  selects  equal  to  approximately/exemplarily  0.5-0, 7 
bars  rzO-5-0.7  kgf/cm*  while  for  the  nozzles  cf  the  engine 
chambers,  intended  for  the  work  under  conditions  of  outer  space,  to 
0.01-01  bajLs  [sOitt-O.I  kgf/c**]. 

One  should  emphasize  that  the  engines,  which  have  nozzles  with 
the  large  height  (i.e,  with  low  pressure  pc).  cannot  be  started  at  the 
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level  of  sea,  since  in  this  case  tney  will  work  in  the 
aode/ccnditions  cf  significant  cvsnexpansion ;  pressure  on  the  final 
oart  of  the  norzla  will  be  outsids  mora  than  front  within,  that  it  is 
Dossible  to  ca'ise  the  warping  of  nczzla  or  the  flow  breakaway  of  gas 
from  its  walls.  In  the  latter  case  decraases  the  actual  value  of 
nozzle  '’xpansion  Tc- 


f'] 

h 


Thermal  design  of  thermal  rocicat  anginas. 

§  7,1.  Procedure  of  the  tharaal  dasign  cf  thermal  rccket  engines. 

Daring  th-?  thermal  design  cr  tha  chamber/camer a  of  thermal 
rocket  engines  is  determined; 

a)  the  specific  impulse  in  vacuua 

b)  necessary  flow  rate  per  second  of  working  medium/propellant 
(f uel/nropellant  m; 

c)  the  necessary  si7es/diosnsions  of  the  nozzle  of 
chaaber/camera  -  the  value  cf  areas  /^p  and 

For  accoaplishing  calculation  they  aust  be  known: 


a)  initial  is  working  body  (£cr  tae  cheaical  rocket  engines  - 
propellant  coaponents  and  coefficient  x); 


b)  thrust  -in  vacuua 


d' 
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c)  the  pressure  cf  wcricia^  aeuf ua/prcpallant  at  the  nozzle  entry 

Ph\ 


d)  the  pressure  of  working  aediu n/propellant  in  nozzle  exit 
S'^ct’.on  p,.. 

Actually  opt.^niiai  values  Pk,  Pc  and  ^  are  previously  unknown:  for 
their  selection  are  recessary  special  calculations  (see  §  6.2,  9.2 
and  10.6);  however,  in  the  taersaj.  design  they  are  considered  the 
given  ones. 

Working  body  in  the  chaabar/caasra  of  thermal  rocket  engines  is 
the  mixture  of  gases  in  which,  as  it  was  noted  in  chapter  IV,  can  be 
found  substances  in  the  liguid  and  solid  state,  and  also  ions  and 
electrons.  Working  body  in  the  cnaaber/camera  (for  example,  at  the 
nozzle  entry  and  at  the  output  froa  it)  in  composition  and  parameters 
in  many  respects  differs  from  working  mediua/propellant  by  the  entry 
into  the  chamber /earner a  (from  the  initial  working  aediua/propellant) . 

The  procedure  of  calculation  of  chaaber/camera  following:  are 
determined  the  theoretical  valuas  of  specific  impulse  in  vacuum 

f.  ^  he  flow  rate  per  second  cf  working  medium/prcpellant  m,,  nozzle 
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threat  ar^a  ?kp<  and  nczzlo  axit  Z^,.  In  this  calculaticn 

consider  only  the  phene a€na,  connfec-tsd  aith  the  dissociation  and  the 
recombination  and  the  Icsses,  ccanectad  with  the  carry-eff  of  heat 
and  chemical  energy  together  with  the  screen  cf  working 
nediun/propellant,  which  escapas  oehind  the  nczzle. 

Then  are  determined  the  actual  values  of  the  oaraaeters 
(Aa.n.a; /kps  indicated  taKlng  into  account  all  remaining 

losses. 

Page  100, 

The  thernal  design  c£  caaaber/caaera  thermal  RS  is  conducted  in 
the  following  sequence. 

1.  Is  found  through  tables  rotal  enthalpy  cf  working 
mediua/propellant  fer  conditicns  for  entry  intc  chain ber/caaera. 

In  general  in  the  engine  ebaaber  to  the  working 
nedlun/propellant  it  is  possible  tc  supply  or  tc  abstract/renove  fren 
it  a  quantity  of  heat  C,  let  us  designate  the  total  enthalpy  of 
working  nedlun/propellant  at  toe  nozzle  entry  1^-  then  in  accordance 
with  the  law  cf  conser vatic n  cf  tne  energy 


(■.M  ±  Q—fa.u- 


(7.1) 
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2,  Ar«*  determined  temparacure  and  compcsiticn  cf  wcrk5ng 
mediua/propellant  at  nozzle  enzzy,  on  the  basis  cf  condition, 
expressed  by  “qnaticr.  <1.1). 

3.  Is  designed  by  cbtaiaed  composition  cf  working 
Tadiam/nropel  lant  its  entropy  at  nczzle  entry  Sj,  {see  7.  3)  , 

h.  Find  temperature  and  cosposition  of  working  mediua/prcpellant 
in  nozzle  exit  section,  coasidariag  expansion  maximally  equilibrium 
(see  §  4.4)  and  isantrcpic  (s=ccnst) ,  i.a.,  entropy  of  working 
media B/propellant  at  nozzle  anncy  s,  is  equal  to  entropy  in  its  exit 
section: 

s,=ae-  (7.2) 

5.  Is  determined  ty  obtained  composition  total  enthalpy  of 
working  madium/propellact  in  nozzle  exit  section  4.e- 

6.  Is  designed  ideal  exnausr  velocity  of  working 

media m/propellant  at  nozzle  ourler,  ^sc-ording  to  equation  (4.21)  , 
where  total  enthalpy  mtst  be  expressed  in  kj/kg,  and  constant  number 
(2000)  is  carried  out  trcm  under  root; 

W, =44,72  (7. 3) 

7.  is  found  through  equation  (4.4)  the  density  of  working 
aedluB/propellant  in  nozzle  exit  section 


(7.4) 


1 


one 
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Ga.s  con3*%r.'^.  '.s  <^«signfcd  trem  equation  |4.5),  icreover  apparent 

aol^cular  weight  /i,  is  found  in  cciposition  of  the  working 
nedium/prcpellant  (see  §  7.9). 

8.  Is  determined  according  to  equation  (1.22)  theoretical 

i!iipuls«  i"  vacuum; 

/y.n,=U^c,  +  ^Pc-  (7.5) 

'  rtii 

Th<*  unknown  v^lue  of  ceiaticn  fetirnt  is  determined  from  equation 

'“•'*>=  _ L_, 

m,  CcJTc  / 

Pa  ge  101. 


9.  Is  designed  from  equation  (1.21)  theoretical  flew  rate  of 
working  nedium/propellant  ^i,  necessary  for  creation  of 
prescribed/assioned  thrust  p^, 

(7.6) 

'y4.»ii 

10«  Is  found  through  eguation  theoretical  nozzle  exit  area 


,  "t 

CcW'ci 


(7.7) 


11.  Is  determined  according  to  aquation  (4.7)  or  (4.8)  index  of 
equilibrlus  process  cf  expansion  ftp. 


12.  Is  designed  free  eguation  (4.13)  theoretical  value  cf 
complex  8: 

?!=• — : — • 


(7.8) 
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Value  is  deterained  accordinj  to  equation  (4.16). 


13.  Is  found  through  eqaacica  (4.14)  theoretical  value  of  throat 


area 


(7.9) 


14,  T«o  (if  necessary)  trscr'itical  values  cf  thrust  and 

specific  imaulse  at  the  iavei  seas  and  /y^,.,  using  equations 

(1.12)  and  (1.23). 


On  this  calculaticn  of  the  cnanbar/camera  cf  theraal  rocket 
engines  without  taking  into  account  aany  losses  is  finished. 

As  is  evident,  in  the  tneraal  design  detereine  the  thernodynaniic 
parameters  (i,  s,  R)  cf  working  meaium/ propellant  in  the 
characteristic  cross  sections  the  chaobers/caseras.  For  this  it  is 
necessary  to  design  the  equiiihrxua  chenical  composition  of  wcrlcing 
medluD/propellant;  into  most  cases  (KhBD,  YaRD,  ERD)  it  is 
sufficiently  complex  (ten  and  mete  than  substances) .  Therefore  the 
determination  of  composition  occupies  the  large  part  c£  the  thermal 
design. 

5  7.2.  The  total  anthalpy  of  working  mmdium/propellant. 

In  §  4.1  and  4.5  it  was  saewn  that  during  the  moticn  of  working 


:  im/pr op#llan^  along  thw  chdao’di/'an  <ra  of  thermal  rcc<et  <»nq5.r.'%s 
chanq^>s  not  only  the  enthalpy  at  tte  viic  icing  niedium/propellant  i,  but 
also  its  cheaical  energy.  Tne  ganaralizad  paraaeter,  which 
•ncnapass«'s  and  enthalpy,  and  cheaacal  anergy  of  working 
aediu B/propellar.t,  is  total  enttaapy  4  The  concept  of  the  tctal 
“nthalDv  is  closely  related  with  tte  concept  cf  heat  of  formation  of 
substancp,  which  is  called  taa  quantity  of  heat,  isolated  or  absorbed 
with  the  formation  of  the  unit  ct  the  mass  cf  this  substance. 
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Heat  of  foraatlcn  cf  suosxaACfc  depands  on  teaperatuce  T  which  is 
selected  for  the  reference  point.  This  temperature  have  parent 
substances  and  to  it  are  cooled  or  ace  heated  the  end  products  of 
reaertion  in  the  braach/removal  fxca  tham  or  the  delivery  to  them  of 
the  corresponding  quantity  of  aeat,  which  is  heat  of  formation  of 
substance  at  a  temperature  T  and  is  designated 

The  chealcal  energy  of  substance  composes  basic  part  of  the  heat 
of  its  formation  whose  value  is  tac  measure  fer  a  change  of  the 
chemical  energy  in  the  ceacticn  of  focoation  cf  this  substance. 
Strictly  speaking,  a  change  in  the  chemical  energy  relates  to  all 
substances,  which  participate  in  the  rjacticn,  but  for  siaplificaticn 
in  its  calculations  ccrditicnally  they  carry  to  cne  of  the 
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S  lhFt'  nCP3. 

For  conv*ni9r.c«  in  caicu  idCioas  of  the  total  anthalpy  ar** 
introducsd  the  conc‘*pte  cf  ta«  stacdari  state  of  eleeents/cells  ar.1 
staniarl  heat  of  foraaticn. 

Tha  star.dari  s*.a*e  c:  aaeats/oalls  is  colled  their  stable  an^ 

oost.  widely  used  in  the  nature  state  at  a  selected  teaperature  T„, 
taken  as  the  teferonce  point  ot  eathaloy,  and  at  a  ctrssure  of 
Do=  1.013  bar  [1  phys,  at.],  aoreover  ia  the  state  indicated  the  total 
enthalpy  of  elenents/cells  taaas  as  equal  tc  zero.  L«t  us  accept,  as 
in  handbook  [IS],  for  the  reference  point  teeperature  T=293®,  15  k. 
Standard  state  for  hydrogen,  oxygen,  fluorine  and  nitrogen  with 
Tn=29  3®.15  K  and  Po*1.013  bars  [1  phys.  ata.  ]  is  phased  state  in  the 
fora  of  diatomic  gas. 

Standard  heat  of  fcrsaticn  or  substance  is  called  the  heat  of 
its  foraation  fros  the  elesants/cells,  which  are  found  in  the 
standard  state;  this  heat  designate 

Subsequently  it  is  acceptad: 

1.  4i  change  in  the  cbeaical  energy  with  the  course  of  reaction 
relates  to  th<»  substance,  foraad  froa  tno  standard  eleaents/cells  as 


r  *  G  E 


\  r«»3ulr  of  reaction. 

2.  Ch©«''cal  •r®r'gy  and  neat  ot  foraation  of  substance  are 
cons'*  iared  roslt'?v'»,  if  as  rasili  cf  rsaction  h^at  is  absorbed  by 
substance,  and  ■negative  -  if  haat  by  taea  is  allotted. 

to^-al  =»n>halpy  cf  substaace  is  equal  to  the  sum  of  its 

chemical  energy,  evaluated  oy  oeat  of  ioraaticn,  and  er.thalpv. 

ct«»r»fore  taking  into  account  tte  nrtal  above  special 

f eatu res/pecu Itarit ies  it  is  passibla  to  vrite  the  following  forriula 

of  the  total  enthalpy  at  an  acoiccary  taaperature  T,  expressed 

through  the  standard  heat  of  foraation: 

\<^  dT 
0  %  ^ 

r, 

or  taking  into  account  aquation  ^4.20) 

(7.10) 
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Obtained  experifentail  y  viiuaa  brought  to  tables  [15  1, 

whence  it  is  possible  tc  tale  toea  for  calculations. 

A  difference  in  the  total  antaalpies  of  substance  at 
teaperatures  T  and  Tg  is  detecala^d  in  the  aost  general  case 
according  to  the  formula 

(llr-iSr.- C  ^  ,7.  IP 
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wh<}r?  ~  h®at  capacity  of  suostanca  in  the  gaseous  (f°),  liqui.!  fr*; 

ar.-l  solii  i.;,i  stata; 

A-V?  -  heat  of  phase  transforiaations  (aelting  and  vaporization) 
and  polymorphic  transfcrmations  of  subitance. 


The  hea*-  of  phase  and  polymorphic  transformations  ^/y  and  heat 
canarity  r®  and  is  determinea  ex  parimentally ;  heat  capacity  is 

Dhas«  L'®  th'sy  design  [If]. 


Assuming  that  heat  capacities  r®  and  r®,  <?<5  not  depend  on 

temperature,  then  a  difference  ui  tha  total  enthalpies  for  the 
substance,  which  at  a  temperatura  To  is  located  in  ♦•he  solid,  but  at 
a  temperature  T  -  in  the  liquid  stata,  it  is  equal  to 

-  cUt^-To)  (7.  12) 

The  values  of  the  total  enthalpy  of  basic  oxidizers  and  fuels 
are  given  in  tables  10. d  and  lu.4. 


For  the  cryogenic  elenents  (cor  example,  Hz,  Og  and  Fz)  the 
total  enthalpy  is  different  froe  zero,  while  under  the  standard 
conditions  it  is  equal  tc  zero.  Tais  is  easy  to  explain:  hydrogen, 
oxygen  and  fluorine  under  the  standard  conditions  are  gases;  for  the 
liquefaction  of  these  substaacws  it  is  necessary  to  lead  of  them  heat 
in  order  to  decrease  the  temperature  of  gas  to  T=TKm 


and  to  ensure 
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tha  Dhas!?  transforniat.r  cn  (coadiSQsation)  . 

Tha  7?ilaa  of  tha  total  anthaijiy  1  leg.  of  wcrkir.g 
madium/nropallant  nonc^€lricai  thermal  .?D,  mcncpropellant  and 
component  two-  and  ccapcsita  prcpailants,  which  ara  thp  mixture  of 
s®v'=ral  individual  sub^ta.ncas  <(hu.jr.  ari  dicsclv^d  in  'ach  othrr,  is 
desiorned  from  the  fcriula 

*n  ~  ^ l^n  i  i  I  ftcQ i  >  .  I  •  -  J  ' 

IT) 

whera  and  4^  -  mass  portion  ana  tha  total  enthalpy  of  the  i 

indiviiaal  substance;  gipac  -  mass  portion  of  the  i  solvend;  - 

heat  of  solution  1  kg.  cf  tae  i  solvani  in  the  complex  solvent. 

Positive  sign  in  eguatioa  (7,13)  indicates  ingress  of  heat, 
while  sign  "minus"  -  its  literataon. 

Page  104, 

If  individual  substances  in  tae  mixture  are  not  dissolved  in 
each  other  (Q,pac=0),  then  formula  for  calculating  the  total  enthalpy 
kg.  of  this  mixture  takes  the  following  form: 

=  (714) 

{-1 

Tha  total  enthalpy  for  t 'rfo-ccapon^n t  fuel  chemical  RD  is 
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d-»t<?r aine  1  from  fcraula,  anaiojoua  foraula  (7.30)  (see  ^  7.5): 

;  _ *Tl.r  **D.OIt 


(7.  15) 


The  total  enthalpy  cr  tno  aixtuc a  of  gases  (combustion  crcduc! 
decomposition  or  heating)  depends  cn  their  ccmpcsitior  and 
tsmparature  and  is  designed  from  tae  formula 

=  (7.16) 

wh^ra  -  number  of  kilomclas  or  the  i  gas  in  1  kg.  of  the  mixtuj 

of  cas=»s  at  its  temperature  and  pressure. 


let  us  designate  a  number  cf  xilomolES  in  1  kg.  of  the  mixture 
of  the  gases  through  Mt  and  let  us  write  the  following 
relationships/ratios,  known  from  tn®  thermodynamics: 


(7. 17) 

tm\ 

Mr- 

Af, 

=^'7;= 

(7. 18) 

1 

/»»!  * 

(7.-19) 

Pz 

S 

/•I 

iith  their  account  equation  (7,  1b)  can  be  written  in  the  following 
forms : 


(7.20) 


(-1 

l^n 

2  ‘Pi 


*" -  /-<l 

2]  ‘‘■iPi 

t~\ 


(7.21) 
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3H9- 


whPT'i  -  tha  ♦■.otal  enthalpy  or  tha  i  gas  which  is  frci; 

tables  [15]. 
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•5  7.3.  lass  comnositlcr  cf  wor/cing  ae  ii'i a/pr c r- H an h . 


The  composition  of  wcrxiag  meuiu a/prc peliant  is  expressed  bv  the 


mass  portions  of  equivalent  coapoaents; 


.VS 

)  (*  ’ 


[7. 221 


where  -  aass  portico  of  tae  j  eleaent/cell ;  -  number  of 

atoms  of  the  j  eleaent/ceii  in  tae  molecule  cf  wcrhlng 
mediua/propellant;  -  atomic  aass  of  the  j  element/cell;  m  - 

molecular  weight  of  working  aediua/pcopeilant . 


The  aass  portion  cf  elaaent/Cfell  they  designate  by  its  index; 
for  axample.  Ho*  *  ■*'he  aass  portion  of  hydrogen  in  the  oxidizer,  and 
Hr  -  in  the  fuel. 


Molecular  weight  of  working  afediua/propellant  is  determined  from 
the  formula 


1—2  V-;- 


(7. 23) 


During  the  check  of  calculations  is  used  the  relationship/ratio 

1-1 


t 


Dor  = 


PiGE 


Example  1.  To  calculate  the  mass  compositicr.  of  nitrogen 
tetroxide  of  lOOo/c  concentration. 


solution.  We  find  through  foriiiuli  ('^.23)  the  molecular  weight  o“ 
nitrogen  tetroxide 


^=2 . 14,007+4  •  15,999  -  92,010. 


We  determine  from 
N«- 

We  check  the  mass 


fcrmula  (7. +2) 

2-14.007 

92,010 

compositions 


the  mass  cor**  ions  W  and  0: 


4-15.999 

92.010 


0,696. 


N,,+0,,-0.304-H),696=  1.0. 

Calculation  of  mass  composition  somewhat  becomes  ccmplicated,  if 
working  body  is  the  mixture  of  several  individual  chemical 
substances.  In  this  case  calculation  they  conduct  according  to  the 
formula 

i^n 

f-i 

where  -  mass  portion  of  the  i  substance  in  the  working 
medium/propellant ;  s',,  -  mass  portion  of  the  j  element/cell  in  the 

i-th  of  substance;  it  are  detaraintd  from  formula  (7.22). 
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Example  6.  To  calculate  toe  mass  composition  of  acrozine-50, 
which  is  the  mixture  5Co/c  hydrazite  and  5Cc/c  cf  ansyminetr5.cal 

iimethylhydrazine  (DDMH). 


Solution.  We  detemine  cha  mass  composition  of  by  formulas 

{l.?2)  ard  0.7.2): 

„  ==2.I4.007  -r  4  1,008  =  32.04<5; 

4.1,008 

Hr!^ 


214.007 

.0,126:  Nr.  =  =  0.874. 


32,046  32.046 

W3  find  the  mass  composition  LiDBH,  which  has  a  frrmula 


HjN-M  (CH3)  2: 


ihiJiMr  =2 . 14,007  +  8  •  1,008-^2 . 12,01 1  -60,1: 

^  2.12,011  „  8.1.008  „  ,,, 
Cr2  — cn  .  “  0.400;  Hrj  =•  — :rrt —  “  0, 134; 


60.1 


60,1 

2- 14,007  . 


We  calculate  the  mass  composition  of  fuel  by  formula  (7.24): 
Nr  *  ^N.H.-Nrl  +  +  0.5  0.466  -  0,67; 

Hr  =  ^.N.H.-Hrl  + 

Cr='?HaMrC«  =  0'5-o.4  =  o,20. 

We  Chech  the  mass  ccapositica  cf  fuel: 

N,+H,+  C, —0.67+0.13+0.20- 1. 


5  7,4,  Coefficients  *  and 


The  coefficient  of  the  real  rslationship/ratio  cf  components  cf 
propellant  x  chemical  80  is  called  the  relation  of  the  mass  oxidizer 
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consii nipticn  ar.il  fuel  fee  Secona: 


«r 


Oxidizer  fuel  can  be  suppxiaa  into  the  chanber/casier a  Zh9D  in 
different  relationsh^ ps/ratios,  in  this  case  in  the  fuel/propellant 
and,  consequently,  alsc  in  the  ccaoustion  products  can  be  contained 
fi-*  ■';<o?ss  of  oxidizer  or  fujl.  f ■j«.ls/prop<*llants  ’’PTT  ar  i  al~c 

can  have  an  excess  of  cxidizar  cr  tusl.  Combusticn  products  with  tha 
significant  excess  of  cxidizar  cali.  oxidative  gas,  and  with  the 
significant  excess  of  fuel  -  by  reauci.ag  gas. 

?uxrther«oce,  is  pcssibla  the  so-called  stoichicaet ric 
relationship/ratio  of  ccaponents  ct  propellant  xcrei,  with  which  the 
guantity  cf  oxidizer,  which  falls  on  1  leg.  of  fuel,  in  the 
precision/accuracy  is  equal  to  the  quantity  necessary  fer  its 
coaplete  oxidation. 

Let  us  derive  foreula  for  calculating  the  coefficient  xem  for 
the  fuel/propellant,  which  consists  of  four  cheaical  elements;  C,  a, 
0  and  N. 

Page  107. 

In  general  the  composition  of  fuel  is  azpressed  by  mass  portions 


Cr,  Hr,  Or  ^V.  ^^d  the  compcsit5on  of  oxidizer  -  by  mass  portions 
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CoK"  ^OK'  OoK  J  \oK. 


L^t  as  (letsmino  *:be  snali  of  cxiriiz<»r  (oxygen), 

nftcessary  for  ths  complete  oitidatior.  of  carbon  and  hydrogen,  using 
for  this  purpose  of  the  eguarion  c£  th3  burning 


C-0.=C0..  -.26 

H.^1/2  0.  =  H,0.  r.f- 

Express  is  mass  guantitias  of  elaments/cells ,  entering  equations 
(7,25)  and  (7.27),  in  the  kilcaclas  or  the  kilo-atoms.  One  kilomole 
of  oxygen  and  hydrogen  is  3  1.999  and  2.016  kg.  respectively,  while 
one  kiloBcle  of  carbcn  dioxide  and  water  vapcr  -  44.01  and  18.015  kg. 
respectively.  One  kilo-atom  of  carbon  is  equal  to  12.011  kg, 
Bntering/writing  a  mass  quantity  of  elanents/cells  in  the  equation  cf 
burning  (7,26),  we  obtain 

12,011  «a  €  +  31.999x9  02=44.01  «a  CO2: 

1  K«C  4^  1, 999/ 12.0 11  «  02=44.01/12.011  xaCO;; 

1  k^C+2.664  fc^02=3,o64  xg  C02- 


In  1  kg,  of  fuel  is  contained  Q.  kg.  cf  carbon.  Therefore 


C,  C+2,664  Cr  02  =  3,664  C,  xg  COz. 

It  is  analogous  for  the  ejuaticn  of  burning  (7.27) 


2,016  xe  H2+  '/2-31.999  xe  Oz*  18.015  HjO; 
1  xa  h7+  7.937  xa  02-8.937  HjO; 

Hr  H, +7.937  Hr  xg  02=8,937  Hr  xig  H2O. 


Consequently,  for  complete  oxidation  Cr  of  the  kilograms  of  carbon 
and  Hr  the  kilograms  cf  hydrogen  is  necessary  with  respect  2.664  Cr 
and  7.937  Hr  the  kilograms  of  oxygen. 
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If  in  1  kg.  of  fuel  is  coatained  Or  oxygen,  then  foe  the 

complete  oxidation  1  kg,  cf  fual  it  is  necessary  to  bring  rot  (2.664 
Cr  ♦7,  937  Hr)  kg.  of  cxygen,  aut  ata  less  to  xalue  Or,  (2.664  Cr 
♦7,937  Hr— Or)  ^9-  of  oxygen.  If  oxidizar  is  pure/clean  oxygen,  then 
calculation  is  comcleted.  dovevar,  oxiiizsr  car  certain  hv^^^rco'sn  and 
carbon,  and  also  nitrccec. 

A  quantity  of  oxygen  in  tna  oxidizer  is  determined  by  mass 

portion  Oo«.  The  part  cf  oxygen  from  taa  compcslticr  cf  oxidizer  will 

\ 

be  expended/consumed  on  the  oxidataon  af  carben  and  hydrogen,  that 
are  in  its  composition,  in  this  case  for  oxidation  Cqk  kg.  of 

carbon  Is  required  2,664  Cw,  xg.  of  oxygen,  and  fer  oxidation 

Hok  kg,  of  hydrogen  -  7.937  Hok  kg.  of  cxygen. 

Consequently,  in  1  kg,  of  oxidizer  is  contained  <0^,,:— 

2,664  CoK— 7,937  Hob)  kg.  cf  free  oxygen. 

Page  108. 


After  the  calcalaticns  indicated  it  is  possible  to  calculate  the 
quantity  of  kilograms  of  oxidizer,  necessary  for  the  complete 
oxidation  1  kg.  of  fuel. 
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Lfi*  US  introduce  ^he  fcll3«iny  design  ations: 

5=(2.664C,  ^  7,937H,-0,); 

B  =  (0„  -  2.664C,,  -  7.937H.  J. 

If  for  oxidizing  1  kg.  the  fuel  it  is  required  B  kg.  of  oxygen, 
and  in  1  kg,  of  oxidizer  is  ccataaned  v  kg.  cf  oxygen,  then  for 
oxidizing  1  kg.  of  the  fuel  it  is  reguirad  d  ka.  of  oxygen,  but  a 
valuo  which  is  greater  cy  as  aany  rises  as  the  value  V  is  less  than 

one. 


Consequently,  for  the  coagleta  oxidation  1  kg.  of  fuel  it  is 
required  fc/v  kg,  of  oxidizer. 

Therefore  the  coefficient  of  ths  stoichicaetric 
relationship/ratio  of  ctcpeliaat  components  is  equal  to 

2,564C^+2i3IH^  .  28) 

"**  0«-2.664Co.-7,937Ho, 

The  aass  portions  cf  nitrogen,  which  does  net  participate  in  the 
reactions  of  burning,  dc  not  eater  into  the  ccapositicn  of  the 
obtained  formula,  but  tbeir  effect/action  lies  in  the  fact  that 
respectively  are  decreased  the  aass  portions  of  the  eleaents/cells, 
which  participate  in  the  reacticna. 


The  foraula  of  analcgous  fere  ds  used  also  for  calculating  th» 
coefficient  xem  of  the  fluorine-bearing  fuels/propellants,  in  this 
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case  instead  oE  oxyger  thd  oxidizing  elemant/c»ll  is  fluorine,  and 
coefficients  in  the  equations  of  burning  have  ether  values. 


Example  3.  To  deteraine  the  coefficient  cf  the  stoichioaetric 
relationship/ratio  of  ccaponents  cf  propellant  xc for 
f'lo  1/ nropo Hart  aeroziue  =5C. 

Solution.  We  take  the  coapcsiiion  of  oxidizer  and  fuel  from 

exa  moles  1  and  2  Ca,-0;  H„,=0;  O<„-0.696;  N„, =0.304:  C,— 0,20:  Hr=0.l3;  Or— 0;  Nr=0.67. 


asing  equation  (7.28),  ve  obtain 

2.664.0,20  +  7.937  0.13  1.564  „ 

*«««^ - '“0,696 

For  the  evaluation  of  that,  how  the  prcpellant  composition  and 
combustion  products  differs  from  stoichiometric  relationship/ratio, 
is  used  the  excess  oxidant  ratio,  equal  to  the  ratic  cf  the 
coefficients  of  the  real  and  stcichioaatric  relaticnship/rat io  of 
propellant  coaponents  and  designated  oor; 

- (7.29) 

'em 

With  the  excess  of  fuel  in  the  fuel/propellant  the  denominator 
in  expeassion  x— /noii/mr  is  more  than  in  expression  xcr»z==moJrnr, 
therefore  for  the  presert  instance  x<xcTex  and  aoR<l. 
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Conse  q'lan  tly ,  for  the  case  of  tfaw  txrcss  of  oxidizer  in  the 
fuel/propellant 

^  a-‘vA  .  , 

*>*««,  K  a.«>l. 

7or  the  stoichiometric  relaticnship/ratic  of  propellant 
componants  coefficient  Ooh  is  equal  to  one. 

In  the  chamber /camera  ZndD  uouall/  provide  certain  excess  of 
fuel,  i.e.,  aoK<r(aoH  =0,7 9)  . 

5  7,5.  Hass  propellant  ccaposition. 


If  are  known  the  mass  porticns  of  chemical  elements  in  the 
composition  of  oxidizer  and  fuel#  and  also  coefficient  h,  then  the 
mass  portion  of  element/cell  ia  luel/propellant  is  determined 


from  the  formula 


^•r  iTT 


{7.30^ 


where  and  /t,  -  mass  pcrticns  oi  elament/cell  in  the  fuel  and  the 

oxidizer  respectively. 


The  construction  cf  formula  (7.30)  can  be  confirmed  by  the 
following  consideration;  value  g,,  is  aqual  to  a  quantity  to  a 
quantity  of  element/cell  in  1  <q.  cf  fuel,  and  value  -  to 

quantity  of  element/cell  in  x  ky,  of  oxidizer;  therefore  numerator 


as  a  whole  is  equal  to  a  quantity  of  element/cell  in  (1+x)  kg.  of 
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fuel/pcopellant.  Conseq uen c  iy ,  lOt  oiitaining  the  mass  portion  of 
elenant/cell  in  1  ka.  cf  fual/prcptllant  it  is  necessary  expression 
i'j-  — to  (^ivii®  intc  value  i 


On  the  basis  of  equation  (7.Jti)  calculation  of  the  mass  portions 
of  el  eme"  ts/cel  1  s  '' i  ^  f  lel/t^D  oillant ,  whrch  contains  carbon, 

hyiroqan,  cxyg^n  and  nrtr3..3a,  ccauuct  through  the  fcllcwing  the 
for  mu  la : 


C. 


o.= 


Cf  -t  '«-Cbk  ,  J_J  _  Hr  *Ho, 

l+x 

Nr-t»N„, 


1  + 

O/.  4-*Ook 
1  +X 


;  Nr- 


1  +  » 


(7.31) 


Cheaical  propellant  coapcsition  (initial  working 
laediua/propel lant)  can  be  also  expressed  in  the  kilc-atcns  of 
elament/cell  on  1  kg.  of  ths  fuel/propellant: 


151,.-^'. 


l7.321 


where  [3]jt  -  symbol  of  the  j  caeaical  element,  entering  the 
propellant  corapositicn. 


If  are  known  the  tctal  mass  propellant  ccmpcnent  flow  m  and 
coefficient  x,  then,  by  using  eguaxion  (7,29)  and  relationship/ratio 
/n=m«w+mT,  is  possible  way  simple  algebraic  transformations  to 
obtain  the  following  equations  for  calculating  the  values  riio,,  and  m^: 


(7.33) 


one 


FACE 


?aqe  11'. 

§  7.6.  systea  cf  ejufec^ens  of  the  aiinat:  o".  cf  th<= 

ccjiposttion  of  gases. 

i.=  ^•he  geaoralizec  s/stes  of  ?7>:atiors,  recessary 

for  :  ’roir.ing  the  eguilioriui  coitpositicn  of  qases  ir.  i^hich  can 
fl  OM/ otc'ir/last.  any  chesical  reactions  of  dissociation.  Such  gases 
car.  rvo  products  cf  cciousticn  cr  dacempesit  icn  cf  cheirical 
fue l/propellant  or  the  products  cf  heating  werkirg  aedium/prcpellant. 

L9t  us  introduce  the  foilowiag  designatiens; 

n  -  number  of  j  «•  1  e men ts/c ells,  entering  this  mixture  cf  gases; 
n  -  number  of  i  gases,  entering  this  mixture;  z  -  number  of  atoms 
of  the  j  element/cell  in  the  i  gas. 

Difference  m-n  is  a  numoer  cr  molecular  gases,  entering  this 

V 

mixture. 

For  the  conpilatico  of  the  eguations  of  the  determinaticn  of  the 
composition  of  the  mixture  of  gases  let  us  write  the  generalized 
reaction  of  the  dissociation  of  the  i  lolecular  gas  to  the  atomic 
gases,  i.e.,  the  reaction  of  aremization  which  taking  into  account  of 
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tr.csa  ’iccppt^d  abovp  desi  jna  ciocs  t.?<  the-  fcllcwir.g  fcr®: 


y-" 

:-e  BemecTBo  —  ^  ^)^j- 
K“y:  (1).  substance. 


17.34) 


For  example,  the  raaction  c£  the  atoir:  zaticn  of  water  vapor 
^ak«s  the  <'orm 

HjO— »-2H  +  0. 

Express  through  the  partial  pxessares  of  gases,  <ar.tering  the 
mixture,  the  generalited  aioilitriuip  constant,  which  correspcnds  to 
reaction  (7.34): 

^/  =  — .  (7.35) 

Pi 

where  /7  is  the  symbol  c£  multiplication  of  components  of  the  type 
jp'/'  ~  partial  pcessura  of  i  atonic  gas  from  the  j 

elenent/cell;  -  partial  pressux**  of  j  molecular  gas. 


For  example,  the  equation  cf  tguilibrium  constant,  which 
corresponds  to  the  reaction  of  the  atomization  cf  wat“r  vapor,  takes 
the  form 


^H,0  = 

\  number  of  such  ©quaticns  cf 
from  a  total  number  cf  gases, 
atomic  gases  which  are  immune 


PhPq 

Ph,0 

aguilibriun  constants  comprises  m-n ; 
agual  m,  it  is  necessary  to  deduct  n  of 
tc  further  dissociation. 
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In  addition  to  the  e>iuatiocs  indicated  it  is  possible  cn  th^ 
b^isis  of  the  law  cf  cccservation  or  .nass  to  ccmpcse  th^  equations  of 
the  conservation  of  mass  of  tha  eie me nt s/cells:  the  mass  portions  of 
each  element/cell  ia  1  kg.  of  initial  working  med ium/propellant  and 
in  1  kj.  of  th=  mi-fture  cf  gasas  ir.  cha  ch  aohsr -ra  ar=  aaual  tc 
each  other. 

The  qenerali2ed  equation  of  the  conservation  of  mass  of 
elements/cells  takes  tie  fora 

[3]y,  =  V  .7,36) 

(•1 

where  -  number  of  kilo-atoas  cf  the  j  element/cell  in  1  kg.  of 

initial  working  medium/propellant,  determined  according  to  equation 
(7.  32)  ;  .V/,  -  number  of  kilcmoles  ci  kilo-a  +  cms  cf  the  i  gas,  which 

contains  th®  j  element/cell,  in  1  kg,  of  the  mixture  of  gases. 

Actually  in  equat5.cn  (7,  3o)  a  numbar  cf  products  not  n, 

but  it  is  less,  since  in  some  i  gases  the  j  element/cell  is  absent 
(number  Zj  for  them  is  equal  tc  zero)  . 

A  number  of  equations  of  the  conservation  of  mass  of 
elements/cells  is  equal  to  taeir  number  (r.)  . 
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Express  is  ■^■quaticr  (7.36)  tnicujh  the  partial  pressures  of  i 
qases,  which  contain  -^he  j  elea ent/ce  11,  using  equation  (7,18): 


Pz 


iPt, 


or  taking  into  account  reiatioaship/r atio  (7.32) 

4  M  .  •  •• 

_  h-'"-  X’’ 

- >  Zfp 


Pz 


;:.37; 


la  equation  (7.37)  appear  two  unknown  values  -  and  . 
However,  at  prescribed/assignea  pcessuce  pi  it  is  possible  to  use  the 
equation  of  Dalton  which  for  the  cross  sections  at  the  nozzle  entry 
and  at  output  from  it  takes  cba  following  fora; 


Pz^P„='^P,% 

J-1 

Imit  I 

;7j  =  ;7,=  V  p^, 

1-1 


;7.38' 


Value  is  deterained  oy  equation  (7.  17)  ,  but  it  to  it  is  more 
convenient  consider  additional  unknown. 
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Consequently,  the  generalized  system  of  equations,  utilized  for 
determining  the  comocsition  of  mixture  a  of  gases  in  which  can  occur 
any  chemical  reactions,  consists  of  a*1  equations  into  number  of 
which  they  enter: 
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1)  (m-n)  the  equaticns  of  the  constants  cf  the  chemical 
“q'jilibriam  of  the  reactions  cf  atcnization  (7.  ?5)  ; 

2)  n  of  the  equaticns  of  the  conservation  cf  mass  of 
element  s/cells  (7.37); 

3)  the  equation  of  Dalton  <7.38)  . 

A  number  of  unknowns  is  equal  b+2  {«  of  partial  gases,  p^  and 

■dfi). 


The  obtained  system  of  equations  can  be  solved  in  two  ways. 


1.  Values  pi  and  Mz  formally  recognize  by  unknowns,  and  n  of 
equations  of  ccnservaticn  of  mass  cf  alemsnts/cells  (7.37)  taking 
into  account  equation  (7.19)  writa/record  in  the  following  form; 


/-I 


(7.39) 


2.  One  of  equations  cansecvacion  of  mass  of  elements/cells 
eliminates  by  division  into  it  cf  other  equations  indicated  (in  this 
case  it  is  eliminated  also  relation  Afi/pi).  This  method  widely  is  used 
especially  with  a  small  cumber  cf  ela ments/cells  in  the  working 
media  a/pr cpel Ian t. 
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Th«»  ob'*‘air*.*‘d  syst^a  of  a-iaations  they  sclv*  by  succ^ssiv* 
approximations,  with  three  and  acre  alsment s/cells  in  the  coracosition 
of  working  med ium/prcpellant  tne  solution  of  equations  is  obtained 
suffioiectly  to  bulky  and  worn  consuming  ones,  in  ccnnection  with 
which  carry  it  out  in  elecricnic  computers  [2]. 

In  certain  cases,  fcr  axampla  for  calculation  ZhPD,  which  works 
on  the  f u«l/propellant  cf  oxygan^aydrogen  or  f lucro+hydro gen ,  the 
system  of  equations  can  te  solved,  also,  with  the  aid  of  the  adding 
machines. 

Is  examined  balcw  the  metaod  cf  the  solutions  cf  system  of 
equations  for  determining  the  ccmpcsition  of  working 
medium/propellant  based  cn  the  example  of  calculation  cf  composition 
of  combusticn  products  in  the  ctaacer /camera  cf  cxy gen- hy droger.  ZhRD. 

8  7.7.  Determination  cf  compositicn  of  combusticn  products  based  on 
the  example  of  oxygen-hydrogen  fuel/propellant. 

Daring  the  reaction  of  oxygen  with  hydrogen  (n=2)  are  formed  the 
following  gases;  HjjO,  Cfi,  Oj,  C  and  H,  therefore,  Let  us 

write  four  (m-n=6-2=4)  pcssiola  ones  of  the  equation  cf  the 
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“qiiilibrium  constants  ct  tne  raacti.cn  s  of  ate  mi  zati  on,  nsinq  equation 
(7. 35)  ; 


„2 

A'  _  ^0  . 

A'h  =A. 

Pc^Pu 


k'  _  . 

^  OH - :: —  • 

H,0 


Pqh 

P'h  •  PQ 
Ph,o 


(7.40) 

(7.41) 
(7.  42) 
■7.43) 
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For  the  fuel/propellant  oxygen  ♦  hydrogen  mass  portions  0,k=I 
and  Hr=l;  therefore  the  relation  aass  of  the  portion  of  oxygen  and 
hydrogen  is  equal  to  x  or  aoxXore*-  Taking  into  account  this  and  using 
equation  (7,39),  let  us  write  tht.  equatiens  of  the  censervatien  of 
elemants/cells  for  oxygen  and  hydrogen  and  let  us  divide  their  one 
into  another: 

a  X  -^5,999  '^Po,+PQ^Pon-rPH,o 

1,008'  • 

Taking  into  account  that  ‘l:^=:2x,  (see  S  7.4),  and 

1.008  "" 

Introducing  value  a^aoJ2,  latcar/last  equation  can  he  written  in  th« 
following  fora: 


+  Po+POH+Ph,0 
^Ph.+Ph-^Poh+'^Ph.o  ' 


(7.44) 


Let  us  write  the  equation  ct  Dalton  for  the  cross  section  at  the 
nozzle  entry 


Pi=P,=‘Po,+Po^ Ph,  -PH-h PoH  ^  Ph,q-  (7. 45) 


i 


- ^ 

1 

I 
1 

PAGE  Jiff  i 

Equations  (7.^0),  (7.4  1),  (7.42),  (7.43),  (7.44)  and  (7.45)  fora  | 

*h»»  system  whos®  solutfcD  aaxes  it  possitlR  tc  det'jroice  ccapcsiticr 
of  combustion  ocoducts  cf  oxy gan-h jdrogen  f uel/prcp® llant  at  tha 
prescribed/assignpd  values  ox  tbaxc  temperature  and  pressure. 

il at  ion  is  conducted  at  a  pr  ascribed/assig ned  (it  is  aor® 
accur selected)  ^eniperatura,  Ihe  values  of  equilibrium  constants 
/Cn,,  /Cf? A'ort  ^'h  o  fer  the  ceaperature  indicated  take  frea 

handbook  [151,  where  they  are  given  in  the  physical  atmosphere  (phys. 
ata.);  therefore  prescrited/assigned  pressure  (pt=p^  cr  pt  =  p^}  also 
must  be  expressed  in  the  physical  atmosphere,  for  example,  if 
pressure  is  pcescrlbed/assigned  in  the  bars,  then  is  used  the 
relationship/ratio 

P  i=7^1baysl 

The  obtained  system  of  equarsens  they  solve,  after  assigning 
pressure  on  the  basis  of  aquation  (7,4  1) 

Ph=V  f<H,PH,- 

Let  us  write  eguatiens  (7,4J),  (7,42)  and  (7,40)  in  the 
following  fora: 


ph 

Ph  rO  ^  PqI 

''H,0 

(7.46) 

POH-  Poi 

(7.47) 

ceO 

o 

-he 

II 

(7.48) 
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Lat  us  substitute  lattec/iast  equations  into  equality  (7.44): 

,  Ph  2  , 

/>„  2pf, 

^'’h.  +  Pn^  K  ^0+  K—Z  Pq 
"  ''oh  “  ''h.o  o 

Tbe  obtained  aquation  is  juaaratio  equation  relatively  Pc,  th« 
equation  indicated  it  is  possinle  by  alqefaraic  transforaaticns  to 
reduce  to  the  ^ollowinq  fora; 

Let  us  designate  expression  in  the  braclcets  by  letter  A  and  solve 
equation  relatively  po: 


A±y^  Ai-  ^{^Ph.+Ph) 


(7.49) 


It  is  necessary  tc  note  that  there  is  cnly  a  one  systea  of 
roots,  which  satisfies  any  systea  cf  equations  in  question,  for 
exaaple,  if  during  the  solution  of  equation  (7.49)  are  obtained  the 
positive  and  negative  values  of  partial  pressure,  then  for 
calculations  we  use  cnly  a  positive  value.  If  bcth  values  are 
positive,  then  it  is  necessary  to  exclude  that  from  then,  which  with 
the  substitution  at  least  into  cae  of  equations  leads  to  the  negative 
value  of  the  partial  pressure  ol  any  gas. 
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Aftor  detLer niir.irg  ftessare  po.  we  find  thccugh  equations  (7.U6) 
(7.47)  and  (7.48)  pressure  Ph.o,  Pqh 

wa  determine  the  su*  of  tae  partial  pressures: 

Pi  =  Ph  ,  Ph  Ph  ,0  Pch  “T  Po  "T  Po,  • 

If  Pi>Pk.  then  they  solve  systaa  or  equations  in  th«  second 
approxiaation/approach ,  in  tais  case  are  assigned  by  new,  raduced 
value 

Pn=^/tH:, 

when  pi<p.  thay  are  assigned  oy  increased  values  p^^: 
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It  is  usually  sufficient  thCbe,  maximuB  cf  four, 
approxiniations/approaches,  in  order  to  with  the  lew  error  (net  more 
than  lo/o)  was  provided  the  equation 

The  solution  of  the  system  indicated  is  convenient  to  conduct  in  the 
form  of  the  expanded/scarned  table  (see  Table  7,1  v  §  7.11;  numerals 
in  the  brackets  of  table  designate  the  number  of  line). 


§  7.8.  Determination  of  the  parameters  of  cembustien  products  at  the 
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For  ng  the  basxc  paranietjrs  of  chain ber/caaera  it  Is 

necessary  to  design  crlj  twc  values  for  the  entry  into  its  nozzl®: 
the  apoarent  solecular  weijat  Jt  ccmbustion  products  fi;,  (or  gas 
constant  a'' i  their  entropy  5^..  'r’ove7er,  for  '■h^=ir  finiin  i  i  = 

requirsd  to  calculate  tenperatura  and  co mpcsiticr.  of  coobusticr. 
products  on  the  nozzle  entry,  and  tor  calculating  the  latter  -  total 
enthalpy  cf  products  at  three  caiaperatures . 

The  apparent  mclecular  waignc  of  coabusticn  products  is  designed 
fron  equation  (4.6) . 

Let  us  examine  equations  fcr  calcilating  the  entropy  of 
combustion  products. 

The  entropy  of  individual  suostances  depends  on  their  structure 
{chemical  nature),  temperature  and  pressure 

FOOTNOTE  In  more  detail  apout  the  entropy  see  ENDFCCTNOTE. 

In  handbook  [151  are  given  the  values  of  entropy  Sq  in  cal/ (mole "deg) 
at  the  standard  pressure  phys.  atin, ;  values  Sq,  undertaken 

from  handbook  [15],  it  is  necessary  to  corvert  according  to  the 
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1^5 

for  ■'•all 

1= 4,187  So{>cOvJ^.MO.ib  -apadl  ]. 

Key:  (1).  KJ/ (lciBole«deg)  -  (2).  cal/ (aoie "deg)  . 


The  entropy  of  individual  suastanse  at  the  arbitrary  pressure  p, 
^ in  the  phys.  ati- ,  is  aaterminac  according  to  the  equation 

Sp=So—R  Inp. 

After  substituting  into  taa  latter/last  equation  value  cf  3*8215 
n«®/(  icaole«d  eg)  =83 1  5  cf  kJ/ ( )c«ciJ*dag)  and  after  considering 
relationship/ratio  In  p*2,303  Ig  £,  we  will  obtain  the  following 
foraula  for  calculating  the  entropy  ia  kJ/ {)cmcle*deg)  : 

19,135  ig;;.  (7.501 
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Entropy  the  mixtures  of  gases  of  different  composition,  such  as 
are  products  combusticn,  design  rrcm  the  formula,  analogous  (7.21): 


2 

Iml  * 

/-I 


which  taking  into  account  eguatica  (7.50)  can  be  written  in  the 
following  final  form: 


^  (*0//’— '9.135;r/Ig/,) 


l^fl 

/«] 


(7.51) 
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Tanip3r^tur<=»  an^  ccaipcsitica  of  cojtusticn  protJacts  at  the  no2zl«5 
entry  determine  by  u+i]i2arion  Ss,'Jotioas  (7.1),  which  for  the 
ch am ber/c an er a  of  chemical  rocxec  engines  takes  the  form 

(7.52) 

{n.r  "  total  enthalpy  of  fuel/propellant  at  the  entry  into 
♦the  chambar/cam^ra;  -  tne  cctal  enthalpy  cf  cembastier 

products  at  a  temperature  T^. 


Calculation  ♦•he  tenpararuras  ard  compositicn  of  combustion 
products  at  the  no22le  entry  conduct  i.-x  the  fcllowing  sequence. 

S 

1«  They  are.  assigned  by  teaparaturs  in  area  of  expected 

value,  which  can  be  taken  from  the  thermal  calculations  which 
were  made  earlier,  from  tables  (in  particular  from  Table  10,5  etc. 


2.  Is  designed  compositioa  of  ccabusticn  products  at 
prescribed/assigned  teaperatura  aaployiag  procedure,  examined  into  § 
7,7,  or  employing  ether  procadures  [38], 

3.  They  calculate  total  entnalpy  of  fuel/propellant  i„,  and 
combusticn  products  i,.,  at  tesferatura  ri,  according  to  formulas 
(7.15)  and  (7.21). 

4.  Will  be  brought  la  obtained  value  4,  for  graph  The 


DOC 


PAGE 


total  ant  halp j.-3s  of  tho  cojicuscioa  prolucts  of  chemical 
f 'lels /pro  p'^llar.t  s  have  ne^ativa  values,  sc  that  tc  lorc  ccnvpciently 
bull!  graph  iuM^HT^)- 

5.  Coapare  obtained  value  with  total  enthalpy 

f  uc  Is/oco  poll  an*  s  If  acsoiuca  valu-s  4'^  than  ahsclu-*-- 

value  then  it  is  necessary  to  assi^r.  greater  temperature  7'^.  an  i 

vice  versa.  For  th®  ccnstruction  ot  more  accurate  graph  =  th<=y 

are  assigned  by  three  values  of  tamparacure  T^'  and  are  designed 
composition  and  values  tor  each  of  its  values. 
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6.  Build  graph  i^^=f(T^)  (?ig.  7.  1)  and  find  through  it 

temperature  of  products  coaiDustioa  on  nozzle  entry  T^.  using 
relationship/ratio  (7.f2). 

7.  Define  classification  of  products  ccmbustion  at  obtained 
temperature,  for  which  cn  three  points  (r.^,  r,  and  y")  are  built 
graphs  Pi-f{Tn).  Graphs  it  is  convenient  to  build  by  those  combined 
(on  one  sheet),  selecting  for  aacn  partial  pressure  such  scale  so  as 
as  far  as  possible  to  use  entire  fneld  of  sheet.  Fig.  7.2  shows 
finding  partial  pressures  ph,o  and  poh  graphs  Ph,o=/(7'k)  and  Poh=/(7'kI. 
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3.  apparent  aoljcuxar  weight  cf  products  combustion 
at  obtained  temperature,  for  «nich  is  built  graph  (»i,=/(rj. 

Valti'^s  and  fcr  temperatures  7*^,  r*  and  t'*  design  from 

equation  (4.6)  . 

4.  Find  through  equation  (4. d)  gas  constant  cf  produc's 
combustion  on  nozzle  entry. 

10.  Determine  according  to  aquation  (7.51)  entropy  of  products 
coBbustion  at  teaperatcies  r.,  r*  T'l  graphically  at 

temperature  r„  is  fcund  entropy  •Sh  (ssa  Pig.  7.1). 

Calculation  examined  acova  as  conveniently  ccnducted,  filling 
for  temperatures  t],,  tI,  fl  ^nd  ootained  temperature  taole  7.2 
(sea  6  7.11), 

The  sums  of  calculation  at  taaperatures  r,  and  and  also 


the  results  of  graphic  ccnstructaon  will  bring  in  in  table  7.3  (see  § 
7.  1 1)  . 
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*'n.K  ^ 

-  ft 

-i-  ■  -  ■  -5k  p«. 

J,  I  I"  i  rPtK  5a  I _ 

U  Tk  T  i 

mcKOMaf!  meM/tepcL  *  » \ 

/77^;7ff  7k 


K  t; 


.7  7.  I 


Fig.  7.  2 


Fig.  7.11.  Graphs  for  determining  tha  values  t,,  s,  and  (i^k  from  Jenown 
value  iVt  (according  tc  the  results  of  calculation  at  three  selectad 
values  r'.  r;  and  r’) 

Key;  (1),  Unknown  temperature. 

Pig.  7,2.  Graphs  for  determining  composition  cf  corabusticn  products 
at  obtained  temperature  r.  (acccrJing  to  results  of  calculaticn  at 
three  selected  values  r,  rj  and  r*) 


Kev:  (1i.  Unknown  value. 
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57.9.  Dpt erni nation  of  the  pacaaeters  of  combustion  products  at  the 
nc^zlo  outlet. 

Calculation  of  the  parameters  of  combusticn  products  in  nozzle 
exit  section  in  many  respects  is  acalojous  to  calculation,  examined 
in  §7.8.  Differences  consist  in  tae  fact  that  instead  of  equation 
(7,^2)  is  used  equation  (7.2)  and  instead  of  condition  Tk  ==  '  pi  is 

i-ii  (-1 

provided  condition  Pc  =*y  a- 

Due  to  a  comparatively  io^  ta»?srature  of  ccmbusticn  products  at 
the  nozzle  outlet  some  partial  pressures  (for  example,  Po  and  Ph)  are 
very  low  and  it  is  possible  not  to  consider  them  during  calculation 
of  the  parameters  in  this  cross  section. 

Calculation  of  the  parameters  into  the  outlet  cross  section 
nozzles  conduct  in  the  following  sequence. 

1.  Given  by  tentative  value  of  indsx  of  equilibrium  process  of 
expansion  Tip  (o.g.,  from  Table  10.5),  is  determined  cn  formula  (4.22) 
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'’xna-tpcl  tpnpsratur'^  cf  coobascica  orolacts  at  nozzle  outlpt  (we 
accent  /?«=/?<:,) 


T-c 


(7.531 


2.  They  are  assigned  by  tarea  valujs  of  temperature  T^,  t\  and 
7"'  In  ar^a  of  pxnpcted  te.-nperar  ure ,  anl  fcr  each  value  Tc  i3  ipal:-', 
composition  of  products  cf  co mbus cior.  . 


3.  Find  values  of  entropy  •^c*  ^ud  s'  for  each  value  of 

temperatures. 


4.  Is  built  graph  Sc=f(Tc)  (Fij.  7,3),  and  from  condition  s^=se  are 
determined  temperatures  cf  prodtcrs  coabusticn  in  nozzle  exit 
section . 


5,  Define  class  i  f catica  of  prod  ucts  combustion  at  obtained 
temperature  ^c,  using  graphs  wh  ich  can  be  constructed  by 

obtained  composition  cf  combustica  products  at  temperatures  T'c,  t[  and  Tc 


one 


PAGE 


Fia.  It  for  j  eh'"  T:,  t'a.:  'A-'  fro"^  >-•'  ;" 

val'jo  sc=^K  (according  to  tna  results  of  calculation  an  thr«a 
s«l»ct?i  values  K’ 2nd  F') 
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6,  By  analogy  with  calculatioii,  examined  in  §7.3,  determine 
apparent  molecular  weight  p:c  ana  gas  constant  ^cc  cf  products 
combustion  in  nozzle  exit  secricn. 

7.  As  during  calcoiaticn  in  ^7.d,  calculations  conduct,  filling 
for  each  value  of  temperature  Tc  Tables  7.2  and  7.  3  (see  §7.11). 

37.10.  Calculation  of  specific  impulse  and  sizes/di mensions  cf  nozzle 
taking  into  account  losses. 

In  calculations,  examined  la  the  preceding  paragraphs,  are 
considered  cnly  the  pheremena,  ccacected  with  the  dissociaticn  and 
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r‘?rosi binati on,  arr5  thh  lusd^s,  connactod  with  the  carry-cff  of 
h^at  and  ch*“»ical  •an^^rgy  together  with  the  products  of  combustion 
behind  the  nozzle.  Forirula  for  cecfemining  the  solidity  ratio  of 
specific  impulse  at  the  level  of  sea,  which  considers  remaining 
losses,  can  be  taJcing  into  account  equations  (4.40)  and  (4.41) 
written  in  the  followirc  form: 

^Vt.3  T  "  I  . 

•*  —  —  .  .  ■)-t 

r/  — w  • 

* Vi.i t 

Specific  impulse  /yaa.a  i-5  aasigned  from  equation  (1.23),  the 
values  of  thrust  Pj  and  expenditure  of  components  of  fuel  n  =maK+mr 
measuring  during  the  berch  test  of  engine.  The  order  of  calculation 
of  value  Ax3«  is  examined  in  §7.1. 

If  we  during  engine  testing  ensure  ccnditicns 

then  equation  (4.  37)  for  calculating  the 
coefficient  ^  can  be  taking  intc  account  formula  (4.14)  written  in 
the  form 


where  /kp.#  -  throat  area  of  real  chaaber/camera ;  Uvt  -  throat  area 
of  the  chanber/camera  for  which  <pi’=l;  this  area  is  calculated  from 
equation  (4,14). 


In  terms  of  the  values  of  coefficients  <p7  and  <pj.  obtained  from 
equations  (7.54)  and  (7.55),  it  is  possible,  using  formula  (4.41),  to 
find  coefficient 
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If  calculation  of  chamtar/caiafcra  is  p»rfcr!n«d  tefcre  th«  bftnch 
tests  of  enqin®  on  results  of  which  can  be  determined  coefficients 
f?  and  'P'-’  then  their  value  is  selected,  using  results  of  the  tests  of 
the  chambers/cameras,  which  nave  analogous  ccnstraction/design  and 
which  work  ri  *he  same  f uel/profeiian t . 

Page  120. 


After  selecting  thus  coefricients  and  9c,  is  designed  from 
equation  (4,40)  value  and  tree  formula  (1.23)  the 

act ua  11 7/ really  necessary  fuel  ccasuaption: 

(7.57) 

If  we' write  equation  (7,57;  for  case  9r  =  l  and  divide  the  first 
equation  into  that  obtained,  and  also  consider  condition  and 

equation  (4.40),  then 


w, 1 

/7t,  Vpfc 


(7.58) 


If  we  for  the  real  chaabec/caBera  held  out  condition  PK.a=PKt. 
then  in  accordance  with  equations  (4.14)  and  (4.37)  the  area  of  its 
cr?.tical  cross  section  can  be  determined  according  to  the  equation 

/«p  I  "*i 

which  taking  into  account  equation  (7.58)  is  possible  to  write  in  the 
simpler  form: 
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/«p,  =  — .  (7.59) 

fc 

If  wo  cons'* 'ler  •♦■hat  indeic  n?  fee  the  real  cha:!i her/ camera  anl  fer 
the  chaeber/camera  whese  cost iicient  Vi  is  equal  to  ere,  is 
identical,  is  prov5,ded  equality  /c.a=/ct,  and  fer  calculating  the  area 
of  nozrle  exit  section  cf  real  cnamber/camera  it  is  possible  to  use 
the  equation 

f  =1^.  (7.60) 

Vc 

57.11.  Example  of  the  thermal  design  ZhRD,  operating  on  the 
oxygen-hydrogen  f uel/pt Cf eilant . 

To  conduct  the  thermal  design  of  liquid  propellant  rochet  engine 
for  the  following  prescrlbed/assigned  parameters, 

1.  Empty  thrust  Pq  =  ioo 

2.  Fuel/propellant:  liquid  oxygen  liquid  hydrogan;  coefficient 

ao«=0,8. 

3.  Pressure  of  ccirbustion  products  at  nozzle  inlet  ph  =  ioo  bar. 

4.  Pressure  of  combustion  products  in  nozzle  exit  section 


Pc— 04  bar 
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S,  CO<? ^ f  ?.C S  — 0.98:  <Fi  =0,9S. 

Solution.  1.  Let  us  extract  Known  data  for  f l/prcpellant 
liquid  oxygen  ♦  liquid  hydrojen: 

a)  coef f icifsnt  >'..Tei=7,9J7  isca  '‘^,7.-)  ; 

b)  total  «‘nthalpy  cf  lijuid  oxygen  at  boiling  point 
to.o»=  — 398  kJ/kg  (se^  Table  10.3); 

c)  conplete  enthalpy  of  liquiO  hydrogen  at  boiling  point 

— 3828  kJ/kg  (see  Tabla  10.4). 


Page  121. 

2.  He  find  through  eguacicn  (7.29)  the  actual  value  of 
coefficient 

•  x”O<i»x«t«»=0.8  7,937—6.350. 

3,  He  determine  according  to  equation  (7.15)  total  enthalpy  of 
fuel/ propellant  at  the  inlet  into  chamber/camera  (we  consider  that 
temperature  of  propellant  components  is  equal  to  their  boiling 
point) : 
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^n.r  ’-^n.oic  3828 -r*  6»350  (— 398) 

“TT^^  - - 1  +  6.350 - =  -8M.7  kj/kg. 


Calcalation  of  'the  parameters  of  combasticn  products  at  the  nozzle 
entry . 


4.  In  accordance  with  Table  1C. 5  temperature  Tk  cf  combu.stion 
products  of  oxyqen-hydrcgen  fuel  comprises  when  Qo.-o.sos  3ooo=k. 
aoi,=0.8  it  has  high<»r  value.  d%  select 


5,  »e  express  pressure  p»  in  physical  atmosphere: 


*vM  V  . 

A *r^==  98,716  pays,  atm, 

6,  He  determine  value  a  in  equation  (7.44)  : 


7,  He  will  calculate  coapositicn  of  combustion  products  at 
temperature  of  3600Ok,  using  system  of  equations,  examined  in  §7.7, 


Calculation  we  conduct  acccruing  to  'Cable  7,1,  in  which  before 
beginning  calculation  we  fill  lines  from  the  first  to  the  sixth 
(values  of  equilibrium  ccnstants  •  '^h.o  and  Xoa  we  take  from 

the  handbook  [15]  for  temperature  J600®K),  and  also  lines  10-12 
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(d=0. 4).  In  the  first  approxiaaticn,  «e  are  assigned  by  the  partial 
pressure  cf  molecular  hydrcgan  Pa,  =9  phys.  atm. 

8.  Accord5.ng  to  results  of  calculatior.  we  fill  column  3  ^able 

7.2. 


9.  Me  determine  acccrding  to  equation  (4.6)  apparent  molecular 
weight  of  ccmbust'’on  products  at  ncrzle  irl^t  (see  column  4  cf  Table 
2)  : 


v-iPi  = 


1379,3 

98.45 


=14,010 


Itg/lcmcle. 


10. 

enthalpy 
5,  Table 
)tJ/)caol« 


Me  will  calculate  according  to  equation  (7.21)  total 
of  combustion  products  at  nozzle  inlet.  Values  4.  (column 
7.2)  we  take  frcm  handbook  115]  in  cal/mole  and  shift  in 
according  to  the  aquation 

(«•  Ct’ 

l„  j  (kOMTi KJKOXk)  =  4, 187tn  (  (k<L«  MOAb]'. 


*n.K 


A 


Z  ‘n  tPt 
(-1 


—  994421,2 
1379.3 


—  721 ,0  Kdx  KZ. 


Key;  (1).  kJ/kmole.  (2).  cal/aole.  (3).  kJ/kg 
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'ahl*  7.1.  Calculatica  oi  compoEi.*: icr  cf  ccmb'jstion 
protracts  of  o xyier- h  y.i r  c qea  iaal/prop’llar.*-  wit-.  r,=3tioo' k.  p^^9s.:i6 
oh  vs.  a'tm.  and  a„=03 


!  ! 

: expo- i 


o 

4 

5 

6 

7 

8 
9 

iO 

U 

12 

13 

14 
I  13 

16 

1 7 

18 

19 

20 
21 
22 

23 

24 
2o 
26 

27 

28 

29 

30 

31 

32 


1)  Be.iitMiiHa 


r. 


'  MHcaeHHoe  SHaqcHHe 
Btr.limHHU 

IV^  npn6.iHiiteHHe 


Kpy:  (1)  .  lin^. 


^H,0 

'^’OH 

\ 

[3].  (7]^ 

PH=  \  ■  I8i 

a 

2a— 1 

a— I 

[8]: [5] 

(Ill  [13] 

([9:  (61 

(121-[15! 
;-(I41-{16] 
2(71+01 
(18M101 
(irp 
(191: (41 
8- (21] 

(20] +[22] 

I  (23) 
-{171+(24] 

4  •.[4] 

(251:  (26] 

[27p 

^0,=(281:[41 

Ph.O=(131(27] 

;’on=(161(27) 

/’i=(7]+(91+127]+ 

-r(291+(30]-r[3ll 

(2).  Value.  13) 


!  r;  nepBoe 

'  /  BTOpue 

'  "  Tperbe 

i 

I 

.jt.nO 

98,716 
5,365  10-1 

3,916-. 0-2 
7.956-10-2 

3.053- 10-1 

! 

i 

9 

22,21 

j  21.17 

4,828 

11,915 

)  11.357 

2,197 

3,452 

0.4 

-0,2 

—0.6 

1  3,370 

60,683 

149,76 

142,74  ' 

—12,138 

—29,952 

—28,548  1 

7,196 

-11,306 

11.038 

-^,317 

—6,784 

—6,623 

17,455  I 

37,736 

'  36,171 

20,197 

47,872 

1  45,710  ! 

8,078 

!  19,148 

1  18,284 

304,677  ! 

1  1424,0 

!  1308,3 

20,628 

48,896 

46,890 

166,025  i 

391,17 

373,50 

469,702 

1815,17 

1681.8 

21 ,672 

42,61 

1  41.01 

4,217 

4,874 

4.839 

10,214 

10,214 

1  10.214 

0,412 

0,4770 

0,4738 

0,170 

0,2270 

0,2245 

0,434 

0,5797 

0,5733' 

25,001 

71,435 

67,630 

2,964 

5.393 

5,2298 

40,008 

103,55 

98.45 

.  NuBsrical  valu*»  of  quantity.  (4) 
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Approximation/approach.  (5).  x.ue  iirst.  (6).  th'^  s^cord.  (7).  tr.» 
thiri . 

POOT'JiTE  *,  Nu(ri®rals  5r  the  oracxets  .iesignate  the  mii'b'ar  of  th=  lin“ 
from  which  aust  be  taken  the  nuaerical  value  cf  quartitv. 

EN'DPO  Ot'fOTE. 


Page  123. 


11.  Me  find  through  aquation  (7.51)  entropy  cf  ccnitustion 
products  on  the  inlet  Ictc  nozzle.  Values  (column  7  tables  7.2) 
take  froa  handbook  [15]  in  cal/ (mole*deg)  and  shift  in 
kJ/  (k  moleedeg)  : 


/•/T 


1379,3  '23787,5=. 


(^OtPi  ~  19,135/7/  Ig  p^)  5_ 


0) 

17,246  Kdx  (Ki-tpad). 


we 


Key:  (1).  kJ/(kg«deg). 


I 

i 


i 


DOC 


FACE  <3?^ 


■^ablff  7.2.  Calculation  cf  the  paraaeters  of  the  combustion  products 
of  cxyg^n-hydroqar.  f  uel/propa llant  at  7",=  sco'O”  k,  98,7:6  the  phys.  atm 


and 


(ll 

Pas 

Ki 

KZ 

1 

•  1 

(21  [3]^  j 

i  • 

■41  KOM 

1 

1  [3]-[5]  ; 

i 

ii)  Kdx 

KMOAb 

KMOAb 

KMO.i‘'  • !  rao 

Hi 

2,o;6 

21. 17 

i  1 ;  5:2,5 

J  .3  .2  842,9^ 

20C^ ,  S'.s  f 

H 

1,008 

3,37 

3,397  : 

286  918,3 

9.;-9!4.''.7 

j6‘'.o;''7 

0 

15,999 

0,4738 

7.5803 

318  680,9 

•  ;5<i99i,01 

2:3,5n72 

Oj 

31,999 

0,5733 

l8,34oO' 

122  666,5 

70  324,70; 

292 , 0066 

HoO 

18,015 

67,630 

1218,3545; 

—78  929.1 

'—5  337  975,0 

297. 6. ■54 

OH 

17,007 

5,2298 

88,9432. 

151  531 ,7 

!  792  480, -iS. 

2ii3,54;7 

Cyw- 

98,45 

1379,3  i 

1-994  421.2  1 

— 

.Ma 

! 

i 

[t')  npojo.::-KLH;ie 


0 

Faa 

(31 -[71 

IgPi 

19,135(9) 

[31-II0]  j 

[81-111]  , 

Hj 

4441,664 

1,3257 

25,3673 

537,0257 

3904.6183 

H 

561,141 

0,5276 

10,0956 

34,0222 

527,; 188  , 

0 

101,198 

-0,3244 

—6,2074 

—2,9411 

104,1391  ' 

Oj 

167,407 

—0,2416 

—4,6230 

—2.6504 

170,0574 

HjO 

20141,932 

I ,8301 

35,0190 

2368.335 

17773.597 

OH 

1379,839 

0,7185 

13,7485 

71 ,9019 

1307,9371 

CyMwa 

— 

— 

— 

- 

2  3787,5 

Key:  (1).  Gas.  (2).  kg/kaoie-  (3).  phys.  ata.  (4).  kJ/kaole.  (5). 
kJ/kBOle*deg.  (6).  Ccntinuation.  (7).  Sum. 


POOTMOTE  ».  Numerals  ir  the  ocacaets  indicate  the  number  of  the 
column  ftCM  which  must  be  undertaicen  the  numerical  value  of  quantity 
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12.  Be  conduct  analogous  calculations  for  temperat ur as  cf  3400 
and  ISOO^FC  arifl  ohtain«'d  rasults  ocirg  in  jr  Tati®  7.3.  Osing 
graphs  (s<»p  57.3),  wc  find  tna  valu<=>  ‘u.k  and  which  alsc 

bring  in  Tabla  7.3. 


13.  On  the  basis  cf  Table  10.5  we  select  index  np  for 
eguilibriuB  exnansion  cf  coaousticn  products  cf  oxygen-hydrogen  fuel 
and  on  equation  (7,53)  it  is  datarmined  their  expected  teaperaturs  in 
nozzle  exit  section: 


r. 


Pc 
Pk  ) 


p 


=  3600 


l'  0.5  \  0,232/1,232 

Ileo  j 


1330*K. 


Sinca  the  value  of  index  in  Table  10.5  for  «o«-o,505,  than  fcr 
calculating  the  parameters  of  ccmoustion  products  at  the  nozzle 
outlet  when  .a<i«-0.8  we  are  given  assigned  by  the  higher  values  of 
temperature  r«-i900.’2000  and  ilOO^K. 


14,  We  conduct  calculaticn  of  composition  of  combustion  products 

at  tamperatures  indicated  and  pressure  Pc— -^^-0,494  phys.  atm., 

i  *013 

using  Table  7.1. 
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Tabl?  7.3.  Rps'ilts  C'^  calculating  th?  JaraT^tcrs  of  ccx'cjsticr 
products  at  the  nozzle  irlix  (at  tnree  ore  serf  r  =  d /a  ssi  ;  ne  1  ar.  "i 
obtained  values  of  temcetature  ^x) 


Tk 

"K 


'1)  Kdofc 


KZ 


!>  >  kOj}-: 

I  KZ'Zpab 


J]  KZ 


KMO.lb 


3-iCO 

;4.33 

— OCoJ 

35ij0 

14,10 

— ■  j  <  . . 

3600 

14,0! 

—721  ,'i 

1  *  ■ 

•  /  ,  ^0 

3580 

14,04 

1  —864,6 

17,20 

(1).  '<7/)cnole.  (2).  Kj/K^.  (.Ji  .  kJ/Kg»da7. 


Table  7.4,  Results  of  calculatin'^  the  oarametars  cf  cenbustien 
products  at  the  nozzle  cutlet  (at  three  prescribed/assigned  and 
obtained  values  of  temperature 


1 

r. 

°K  i 

'•  .»  KZ 

P. 

3,  Kd^ic 

KZ  ■ z fad 

i  in,.  I 

1  yj  Kaye  ] 

j  Kt 

KMOAt> 

KZ  ■  2  rad 

; 

1900 

14,80 

562.2 

17. 3S 

'  -  -  ,  i 

— 80( < , 1 

2000  ! 

14.78 

562,4 

17.54 

!  -8351,4 

2100  I 

14,77 

563,2 

17,79 

1  —7997,1 

1950  j 

14,79 

562,3 

17,33 

j  —8499,6 

Key:  (1).  ka/kaole,  (2),  a*a/kg*d9g.  (3).  kJ/kg*deg.  (4).  kJ/kg. 
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16.  Using  data  of  Tables  7.3  and  7.4  and  equations,  axanir.ei  in 


5^7,1  and  7.10,  we  find  basic  pacaoeteri  of  chamber/caoiera .  Their 
calculation  is  conducted,  filling  labia  7.5. 


A0-A09e  **03  FOREIGN  TECHNOLOGY  DIV  WRIGhT-PATTERSON  aFB  OH  F/G  Pl/8 

CONSTRUCTION  ANQ  DESIGN  OF  ROCKET  ENGINES* (U) 

FEB  81  V  A  VOLODIN 

UNCLASSIFIED  FTD-lD(RS)T»0090-ei _ km _ 


ir  lEU 


AO 98403 
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T«bla  7.5.  Calculaticn  of  tha  oaaxc  paraaetsrs  o£  chaobar/caDara. 


u> 

06o3Ha< 

WHMe 

(21 

PasMep- 

HOCTk 

4>opHyaa 

iUU 

onpeae* 

aeHHa 

Mhcjich- 

Hoe 

SHaMeHtie 

06o3Ha- 

4eHHe 

Paanep- 

HOCTb 

~W~~ 

<^opiiyaa 

AJIR 

onpeae- 

KHcaeH- 

Hoe 

3HaMeMHe 

ITc 

M 

(7.3) 

3908 

^HceK 

^eex 

7y*.n.a 

{1)kz 

(4.40) 

4063 

Qc 

{j^Kl 

(7.4) 

-  0,0456 

mj 

^CtK 

(1.17) 

24,61 

Ctt-CtK 

4188 

(7.33) 

2]  26 

Vkz 

{/ .0) 

S)ceK 

mt 

5>a* 

(7.6) 

23,88 

«r 

^Kt 

^eK 

(7.33) 

3,35 

/ct 

Mt 

0,1340 

/kP.j 

M"- 

(7.59) 

0.00551 

tip 

— 

(4.7)  MH 

1.142 

fc.A 

Mt 

(7.60) 

0,135 

(4.8) 

P,.» 

H 

(1.12) 

86  500 

ft  ' 

OM<«CK 

Cpn 

(7.8) 

2284.7 

^ya.a.a 

(dh-eeK 

Q)Kt 

(1.23) 

3515 

/*n 

jfi 

(7.9) 

0,005456 

Key:  (1).  Design a*.icn,  (2).  Diaeosion.  (3).  Poraula  for  determining 
(4).  Naaerical  value.  (5).  s«  (6).  N*s.  (7).  kg.  (8).  or. 
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Chapter  VIII. 

BHGINB  IMSTALLATIOfJS  SITH  THE  rt;E811AL  SOCKET  ENGINES. 

{$8.1.  Engine  installaticns  c£  cocxet  vnhicles. 

Should  be  distinguished  concapts  '•angine”  and  "engine 
installation"  (DO). 

Engine  are  called  chaaber/caaiera  and  totality  of  aggregates, 
asseablies  and  conduit s/aaniiolds,  which  acccnplish/realize  supply  of 
working  aediaa/propellant  (propellant  components)  into  the 
chamber /earner a,  and  in  a  nuaner  o£  casas  and  creating  efforts/forces 
and  moments  for  the  cortzcl  of  socket  vehicle. 

Page  126, 

The  units  indicated  and  aggregates  place  directly  on  the 
chaaber/camera  or  on  the  special  frame,  utilized  for  fastening  of 
engine  to  the  power  ring  (fraae/f craer)  of  rocket  vehicle.  Through 
the  frame  is  transaitted  to  the  fraae/feraer  the  thrust,  developed 
with  engine. 
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Liquid  working  medium/prCticlxdnts  are  supplied  the 
chamber/cam^ra,  which  has  tho  relatively  large  thrust,  with  th® 
pumps,  entering  together  with  the  turbine  into  the  so-called 
turbopump  aggregate  (TUA). 

For  tho  work  c*  turbin  a,  itixizsd  for  th’  -nm  drive,  -t  is 
necessary  to  have  in  the  composition  or  er.  7ir.e  an  aggregate,  which 
produces  gaseous  working  body  wita  those  required  by  pressure  and 
teaperature*  As  this  aggregate  can  serve  special  gas  generator* 
Purthecaore,  gaseous  working  body  can  be  obtained  in  the  coolant 
passage  of  chamber/caecra. 

aost  frequently  are  used  the  chemical  gas  generators,  which  use 
liquid  or  solid  propellant  coepcnaots.  The  gas  generator,  which  works 
on  the  liquid  propellant,  is  called  the  liquid-gas  generator  (ZhGG)  , 
on  tha  solid  -  by  soli d- propellant  gas  generator  (TGG).  Solid  fuel  is 
placjsd  directly  in  TGG, 

The  supply  of  working  eednun/propallant  In^o  aggregates  and 
units  of  engine  is  realized  oy  tne  special  systes,  into  which  are 
Included  different  valves#  which  ace  ope ned/disclosed  or  which  ace 
closed  at  the  required  sceent  of  tiee. 


Id  cheeical  RO  in  a  nuebec  oc  casas  proves  to  be  necessary  a 
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system,  which  ensures  the  begiuniag  of  the  reaction  of  burning  or 
deccB  pos^  t5,cn. 

Engines  with  turbcpump  assemblies  are  started  via  turbine  boost 
by  the  gas,  obtained  in  the  stattxng/launching  gas  generator 
(starter)  . 

In  the  oain  of  seme  engxnes  with  ISA  build  in  the  aggregates  of 
pressurized  system,  which  produce  gas  which  is  supplied  into  the  gas 
cavity  of  tank  with  the  liguid  woriting  aed iun/propellant  and  is 
created  in  it  the  pressure,  necessary  for  the  noraal  work  of  pump. 

Eith  starting/Iaunching  and  engine  cutoff  in  a  number  of  cases 
it  is  necessary  to  blow  the  cavities  of  some  aggregates,  for  example 
combustion  chamber.  For  this  puzpose  the  engines  equip  with 
tank/balloon  with  compressed  gas  (usually  inert)  and  corresoonding 
valves  and  conduits/maciiolds. 

For  the  creation  e£  control  forces  and  mcments/torgues  engine 
chamber  establish/install  to  tne  rocket  vehicle  on  by  hinge  joint  or 
gisbal  suspension,  change  tbe  expenditure  of  gaseous  the  working  the 
bodies  in  front  of  exhaust  nozzles  of  turbine,  etc. 

Engine  installaticn  encompasses  the  following  aggregates  and 
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systens. 

1.  Engine.  For  acccnplisiilcg  one  and  the  sane  nission  objective 
in  DU  of  rocket  vehicle  it  is  possible  to  use  a  none-  or  nultichamber 
(usually  a  nunber  of  chasbers/caseras  is  equal  to  2-4)  engine  of  the 
required  thrust,  and  also  savaral  single-chanher  “ngines  with  the 
sane  gross  thrust. 

Page  127, 

For  the  multichaobsr  engine  is  characteristic  the  supply  of 
working  nediaa/propellants  into  all  its  chanbers/caieras  by  cne  and 
the  sane  turbopunp  unit. 

In  DO  rocket  vehicle  together  with  the  march  ones  can  be 
Included  the  pilot  engines  with  the  relatively  lew  thrust  (belnsoen, 
brake,  etc.). 

2.  Tanks  with  working  nediun/ propellants.  Earlier  (chapter  III) 
it  was  Indicated  that  fer  rocket  thrust-chaaber  firing  together  with 
the  basic  working  aedina/propellant  there  are  necessary  the 
additional  and  start ing/launching  working  aediun/propellants.  Within 
or  ontslde  the  tanks  can  be  estaolished/iostalled  different 
aggregates  and  units:  valves,  ccnduits/aanifclds  of  servicing  and 
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drain  of  working  nodiuB/propaliants,  tha  conduits/aanifclls  cf  thair 
deliwery  to  the  engine,  etc. 

3.  Aggregates  of  pressure  feed  systaa.  They  are  necessary  in 
such  a  case,  when  in  the  engine  there  is  no  TN&.  For  ezaeple,  working 
body  can  be  displaced  intc  tha  caainb8r/caB®ra  by  the  compressed  gas 
which  enters  tank  fret#  the  special  tank/ballocn. 

4.  Aggregates  of  pressurized  systems,  blasting  of  tanks,  if  they 
are  not  included  in  engine. 

The  design  features  of  engine  installation  and  engine  are 
connected  with  each  otter.  For  czaaple,  if  in  DO  of  rocket  vehicle 
are  vernier  engines,  then  drops  ozf  tha  necessity  for  the  hinged  or 
gisbal  suspension  of  sain  engines.  If  for  the  inflating  of  tanks  are 
used  ZhGG,  adjusted  on  the  upper  hottoas  of  tanks,  then  froa  the 
engine  elisinate  the  aggregates  or  pressurized  systen,  built  in  in 
its  aain. 

In  the  engine  installations  o£  BDTT  engine  it  is  difficult  to 
separate,  ZhRD  with  the  pressur nrized-propellant  feed  it  is  possible 
to  establish/install  directly  withxn  tbs  tank  and  to  weld  with  it.  In 
this  case  the  tank  and  engine  in  structural/design  sense  are  unit. 
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Iti  DO  of  rocket  vehicle  caa  ot  inrludeJ  the  engines  of  diffsr'»nt 
types.  For.  example,  retrc-sngias  itstallaticn  cf  space  vehicle 
"Surveyor"  (OSA) ,  intended  tor  ins  soft  landing  on  the  moon,  is  RDTT 
and  three  steering  ZhRD  vlth  controllable  thrust. 


?.  classification  of  theraa- 
features. 


Deoending  on  method  the  supplxes  of  working  medium/propellant 
into  the  chanber/camera  distinguish  rocket  engines  with  the 
pressurization,  the  pump,  etc.  systems  of  supply. 

In  thermal  BD  with  the  pressarurized* propellant  feed  is  working 
the  body  is  removed  frcm  the  tank  oy  the  gas,  previcusly  stored  up 
under  the  large  pressure  in  the  so-called  gas  storage  tank  of 
pressure  (in  abbreviated  fora  AO)  or  by  the  gas,  generated  in  T6G  or 
ZhGG. 


The  gas,  which  enters  in  oais  from  AD  gas,  can  be  preheated  by 
the  fact  or  another  metbcd,  for  exaapla,  by  the  products  of 
coabustloQ  of  TGG. 


Page  128 


ooc 


EAGE  a9» 


Th«»  gas,  which  is  genaraccd  in  ZhJG  ani  us«(3  for  *h<» 
pressururiz^d-nrcpallar.t  feed,  can  ba: 

1)  the  decoaposit  Ice  products  of  additional  liquid  propellant 
component; 

2)  the  reactio?*  ptcducts  of  fwc  aiiitional  liquid  propellant 
components;  to  avoid  the  hiqn  camp«ratjres  cf  the  products  indicated 
is  used  significant  excess  cf  one  of  the  propellant  components,  i.e., 

aoK»i  or  ooK<l- 

For  the  supply  cf  the  liquids  indicated,  which  are  stored  in  the 
separate  small  tanks,  is  necessary  special  aggregate,  for  example 
TGG. 


Zn  thermal  FD  with  the  pump  feed  liquid  wcrking 
aediua/oropellants  are  supplied  in  barrels  cf  TNA.  Such  engines 
distinguish  by  the  method  obtainiags  of  the  gaseous  working 
mediui/propellant,  utilized  for  tne  feed/supply  of  turbine  TNA.  As 
the  gaseous  working  medium/propellant  are  used: 

1)  the  decomposlticn  products  of  liquid  basic  or  additional 
propellant  component  in  the  liquid^gas  generator,  which  in  this  case 
is  called  one-component;  for  supplying  the  additional  component  in 
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ZhGG  is  necAssary  a  special  systea; 

2)  thA  reaction  products  of  two  basic  propellant  components  in 

ZhGG  moreover  so  that  vculd  nox  be  fusad  the  tladss  of  turbine  also 
necessary  to  provide  ccndixion  Oon^l  or  such  ZhGG,  widely 

utilized  in  ZhWO,  call  twc-ccapcnent; 

3)  basic  are  workltg  oody,  aad  also  basic  or  one  of  the  basic 
coaoonents  of  propellant  (for  axaepla,  hydrogen),  selected/talcen  from 
the  cooled  channel  of  chamoer/camera) ; 

4)  the  products  of  heating  woticing  aedium/propellant  and 
decomposition  products  ec  the  reactions  of  basic  propellant 
coaponants,  selected/taAen  froa  the  basic  chamber/camera.  Befcre  the 
supply  into  the  turbine  must  be  cooled  them  in  any  manner  (for 
example,  by  mixing  length  with  the  coll  working  medium/propellant) . 

Gaseous  working  tcdy  after  operation  in  the  turbine  can  be 
thrown  out  through  the  special  nozzles  of  exhaust  pipe  into  the 
environment  or  head  in  chaabers/caaecas.  In  tbe  first  case  of  the 
nozzle  of  exhaust  pipe  they  develop  augmented  thrust. 

The  gaseous  5.s  working  oody,  which  enters  from  the  turbine  the 
chamber/camera  chemical  BO,  it  can  be: 
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a)  cn«*  of  thf  basic  pcopellaac  components,  gasified  in  the 
coolant  passage  of  th«  chambar/caaera  bafore  the  supply  into  the 
turbine; 

b)  the  decomposit i cn  products  of  one  of  th^  basic  crooellant 
components  in  si  ngl®-/n)cnc-cofflponant,  ZhGG; 

c)  the  reaction  products  of  tuc  basic  ptcpellanl^  components  in 
two-component  ZhGG, 

Liquid  working  medium/propeilant s  can  be  supplied  with  the  aid 
of  the  ejectors  (see  §13, 1)  :  for  this  purpose  it  is  possible  to  use 
centrifugal  forces  (if  the  rocket  vehicle  it  is  rotated  with  the 
sufficiently  large  angular  velocity),  acceleration  cf  rccket  vehicle, 
gravitational  field  of  the  Earth  cr  another  planet,  etc. 

Page  129, 

Peed  systems  with  the  otiliaation  of  cantrifugal  forces  were  used,  in 
particular,  in  the  engine  installations  of  artificial  Earth 
satellites,  stabilized  by  cotanion. 


Th?  ccnstr uctior/'^a si'jn  or  chdisb^r/camera  thsraal  5D  a 
consideratl'a  d<5grp«  d«p  =  Eds  on  the  iratnod  of  ifs  ceding.  FraTipritly 
is  used  external  flowing  cociio'j.  in  tais  case  over  the  coolant 
passage,  forned  by  space  banwean  nae  doable  chanhar  walls, 
flows /occurs/lasts  working  the  body,  wnich  receives  heat  fluxes  from 
heatinT  products,  c-' t or  e  x  ..e  :i  ji.  o  ns  into  th?  chamber  walls. 

The  chambers/caraeras  whose  coolinj  is  provided  by  other  methods, 
are  more  simple  by  the  censtr ucticn/d asign ;  in  them  there  is  no 
coolant  passage,  and  therefore  thare  are  no  inherent  in  it  hydraulic 
losses.  However,  at  a  high  ■cemperature  of  gas  and  with  the  prolonged 
work  of  engine  the  creation  of  such  r hambers/cameras  causes  great 
difficulties. 

Chemical  RD  subdivide  in  a  guantiry  of  propellant  components 
into  the  the  mono-,  twe-  and  taxee-component  cnes;  each  component  is 
supplied  into  the  chamber/cameca  on  the  separate  main. 

'^ag  mono-  and  two-compenent  chemical  engines  (RDTT,  ZhRD)  extensively 
ace  used  in  the  conteapozacy  rocket  vehicles.  The  premising  engines 
include  three-component  ZhBD  and  auGT,  capable  of  developing  highest 
specific  impulse  of  all  types  of  chemical  engines. 


In  the  value  of  developed  roceet  angine  thrust  can  be  subdivided 
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as  follows: 

a)  nicrono+ors  1  mn  -  10  n  [--1000  Gl; 

b)  low-thrast  engines:  10  n  [  —  1  .<gf]  -  10  kn  [  —  1  T]; 

c)  cf  avera^a  tcrust:  10  !cn  [--1  T]  -  \  \ — ■'3  1 

T  1; 

cl)  ■fhe  engines  cf  the  larje  tnrust:  1  ffl/l/  f  — ico  T]  -  10 
r— 1000  Tl; 

9)  the  engines  of  the  ultrahiyh  thrust:  it  is  more  than  10 
r  — 1000  T]. 

Engine  installations  with  the  thermal  rocket  engines  can  be 
serviced  previously  at  the  same  plant,  at  which  is  produced  the 
assembly  of  DU  or  rocket  vehicle  as  a  whole.  Rocket  vehicle  is 
transported  in  the  charged/filied  stat*  and  can  if  necessary  to 
allow/assune  prolonged  storage  and  to  provide  rapid 

starting/launching  after  obtaining  of  conaand/crew.  For  example,  they 
previously  load  by  f uel/propeliant  RDTT,  and  also  series/ number  of  DU 
with  the  liquid-propellart  engines. 
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Tanks  of  DU  of  space  rockat  vtehicles  (aspacially  DU  with  zhRD  of 
large  thrust)  service  directly  cn  tha  launcher.  Pocket  vehicles  with 
the  eeptv  tanks  it  is  sufficiently  simple  and  i+-  is  safe  to 
transport,  but  the  places  of  taeir  lauaching/st arting  must  be 
equipped  by  capacities  with  the  reserve  of  working  eediuin/ptopellants 
and  devices  for  servicing  of  tanks,  which  substantially  complicates 
the  launcher. 

Page  130. 

In  the  number  of  inclusioas/conn actions  thermal  RD  they 
subdivide  into  the  engines  of  cse-tiaa  and  multiplying.  The  engines 
cf  one-time  inclusicn/ccnnection  are  used  for  first  stages  of 
rocka t-carriers  and  for  the  overwhelm  lag  majority  cf  single-stage 
rockets.  The  engines  cf  multiplyiny  have  a  more  compound  circuit  and 
a  construction/design,  tut  taear  utilization  makes  it  possible  to 
noticeably  improve  the  characteristics  of  rocket  vehicle.  For 
example,  the  carrier  rccket,  at  latter/last  step/stage  of  which  is 
established/installed  ZhBO  witn  tbe  reclosing,  can  derive  in  crbit 
the  satellite  of  greater  mass  than  BDTT,  which  usually  connects  one 
time.  Are  especially  necessary  engines  with  multiplying  for  the  space 
vehicles. 

By  the  character  of  work  distanguish  continuous  engines  and 
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pulsi^  i?ngin«s,  i  .e. ,  tfce  engines#  which  work  in  the  pulse,  or  the 
relay,  mode/coTi  flit  ions, 

Continaoos  anginas  are  engines  with  cne-tima  or  multiplying, 
whose  time  of  continuocs  operation  is  considerably  more  than  the  time 
of  the  output" /yield  to  the  nominal  rating  and  of  the  decay  tin®  in 
the  thrust. 

For  the  pulse  engines  short  period  of  work  follows  also  the 
short  period,  during  which  the  engine  is  switched  off,  the  periods 
indicated  continuously  replacing  ona  another.  Pulse  engines  ace 
necessary,  in  particnlar,  for  the  stabllisaticn  systems  and 
orientation  of  satellites  and  space  vehicles. 

Thermal  rocket  engines  can  be  sabdi7ided  also  ewer  possibility 
and  range  of  a  change  in  the  expenaiture  of  working  nedium/propellant 
and,  consequently,  also  thrust. 

Some  engines  do  not  have  special  aggregates  for  changing  the 
expenditure  of  working  mediue/prcpellaat.  Such  engines  work  with  the 
approximately/exemplarily  constant  expenditure  for  which  them  they 
previously  adjust. 


The  construction/design  of  the  majority  of  rocket  engines 
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oroviles  for  a  change  cf  the  axpenuituce  of  working  neliua/propellant 
in  v*»ly  small  Taa'ja  (fcr  PKamplp. ,  ♦-5-no/o  cf  th»  nominal 

valus) . 

Two  types  of  engines  indicatea  ara  used  in  essence  in  the 
sin  cl  s-s*  ag®  rnck^ts  ar.c  th  i  first  hocstar  stages. 

Som®  rocket  engines  (fcr  axaapls,  braking  Zh'lD  of  the  scace 
vehicle,  intended  for  the  soft  landing  on  the  mccn  cr  another  planet) 
provide  a  larg®  (in  relation  10:1  anl  aore)  reducticn/descent  in  the 
expenditure  of  working  irediua/prcptllant  in  ccmparison  with  the 
nominal  value. 
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Pdcjp  13  1. 

Part  III. 


,NsrsucricN  akd  design 


rui.  :*  T  r  n  I'r- v  r  • 


Chapter  IX. 


TYPICAL  SYSTEMS  OF  LIQUID  PRCFEILANT  ROCKET  ES3INES. 

§9.1.  Special  features/peculiarities  of  systeos  of  ZhRD  [liquid 
propellant  rochet  engine]. 

ZhRD  with  pressure  feed  systen  into  the  chamher/camera  can  be 
subdivided  using  the  nethed  of  cbtaining  the  displacing  gas  cn 
engines  with  the  gas  storage  tank  cf  pressure,  with  ZhGG  and  TGG  (see 
Chapter  VIII).  The  simplest  diagram  of  one  of  such  ZhRD  is  examined 
in  §1«2:  in  detail  they  are  described  in  chapter  XIII. 

ZhRD  with  the  pump  feed  system  classify  according  to  the  state 


of  aggregation  of  the  propellant  components,  which  enter  the 
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chaaber/canera,  ani  accctain  j  tc  th--  gjiscial  fri*- ijrea/peculiaritias 
ci  thf  ar  ir.cr./caj!c  vcl  cf  wcrkir.9  le li-ai/prcpe  11  a?.*  af^^r  itr 
opsratior.  ir.  the  turhine;  frecuertly  working  to  j  v  is  ^'er.eratcr  gas, 
i.e..  It  is  produced  ir.  the  gas  generator. 


■  '  ;  *  < '.'Z  I''.  -  r  ' : -  1  *.  3 i r  a  -  '  c 

pLC  j®c^  /  iesigr.  3c  t/.at  i*  -.cuid  -.cz.z  withcit  tr.  ?  us.vap licat  icr.  cf 
additional  propellant  ccrccnents.  Therefore  s  ubse  ;‘je  ntl  y  are  exaair.cd 
only  such  diagrams  of  ZhPC  whose  turbine  worKS  on  the  gas,  obtained 
of  one  or  two  basic  propellant  ccipcnents.  Usually  chanber/canera  is 
cooled  by  fuel;  this  is  taken  into  consideration  in  all  diagraas, 
examinad/consideced  in  present  cfcapter. 


ZhHD  with  the  throw-cut  cf  tfce  exhaust  generator  gas  into  the 
environment  (Fig,  9.  1)  •  Cxidizer  and  combustible  are  introduced 
inside  the  cornLustion  chamber  of  such  ZhBD  in  the  liguid  state,  i.e., 
engine  works  on  the  diagram  ••liguid-to-liquid",  and  the  exhaust 
generator  gas  is  thrcwn  cut  through  the  nczzls  of  turbine  exhaust 
into  the  environment.  The  thrcw-cut  cf  the  gas  indicated  decreases 
specific  jet  firing.  Although  the  nczzle  of  turbine  exhaust,  as 
already  mentioned  above,  and  develops  certain  thrust,  its  specific 
impulse  due  to  the  low  teiperatuxc  cf  genecatcr  gas  and  small  degree 
of  its  expansion  is  comparatively  low. 
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Pa^#  132. 


r.  rhp  iiagrai  of  3h?D  ir  3«r.t3rator  gai  is  thr  products  o: 

he  ir.conplete  cc-iusticn  of  twc-cc n penent  f uel/propsllant,  which 
ontain  the  large  excess  of  cxidirer  (aoi<>I)  cr  fuel  ((Iok<1)  ZhGG, 


V  r.  t  h ;  o  2 1 1  r  •<  i  ;  2*  i  v  : ,  an  i  .•  r.  -  r.  <iny 


r  ■=;  i  uc  i  r  j . 


Zh?D  with  thf  supply  of  txhaust  ger.eratcr  ga«  intc  the 
combustion  chamber  (af tartar  rang) .  Id  such  ZhBD  the  gas,  which  passed 
through  the  turbine,  heads  cn  the  gas  conducter  into  the 
chasbec/cascca  as  oce  cl  the  basic  propallaat  cooponents,  the  engines 
can  wcr<  or  the  diagram  “cas- liculd"  and  '•gas-gas'*.  Their 
general/cosaon/tctal  special  fcature/peculiarit y  is  the  high  gas 
pressure  at  the  turbine  exhaust:  it  exceeds  pressure  P.  on  the  value 
of  the  hydraulic  losses  in  the  gas  ccnductoc  and  of  pressure 
differential  cn  the  gas  Icjectccs  cf  chasber/casera. 


Besides  the  genecatci  gas,  pcoduced  in  seno-  or  two-cospooent 
ZhGG,  as  the  working  sedius/pccpellant  of  turbine  can  serve  the  gas, 
which  Is  generated  as  a  result  c£  heating  one  of  the  basic  ccsponents 
of  propellant  (for  exasple,  hydrogen)  in  the  coolant  passage  cf 
chasber/casera. 
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ZhRD  with  one-compcn^nt  ZhGG  it  is  pcssitlfe  to  create,  if  one  cf 
ths  basic  propellant  ccsfcnents  is  capabla  to  be  deccapossd/expan(’.'':d 
with  the  liberation  of  heat. 

Let  us  exaaine  diagrae  of  ZhFC,  in  which  the  woricing 
as  iiuc/propellar. t  cf  turtine  ar«  th*?  deccirpositicn  products  cf 
oxidizer  (for  sxaaple,  peroxide  of  hydrogen  H^Oj)  (Fig.  9.2)  .  Ir.  the 
gas  generator  of  this  engine  is  supplied  complete  oxidizer 
consuaptior.  The  generaticg  gasecus  decomposition  products  enter 
turbine,  and  then  on  the  gas  cocductcr  -  into  the  combustion  chamber. 
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Fig,  9.1,  Fig.  9,2, 

Fig,  9.1,  ZhRO  with  throv'^cut  of  oxbaust  ganerato:  gas  into 
anvironaont. 


Fig,  9,2,  ZhRO,  which  works  on  diagraa  '*gas-liguil"  with  cxidatiwe 
ona^coaponent  ZhGG, 

Page  133. 

Fuel  f I ows/occuc s/lasts  ewer  the  coolant  passage  of  cbaaber/caaera, 
cooling  it,  after  which  it  ic  the  ligald  state  is  supplied  itsida  the 
coabustion  chaaber.  The  gas  generatcr  of  this  angina  is  called 


oxidative 
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Is  pcssibls  urilizaticr.  ci  ZhFC  with  one-conponeat  r<=ducir.g 
2hGG,  ir.  this  casa  into  th^  ccscusticr.  chaabor  are  irtroducri  liquid 
oxidizer  and  aecoapcsiticr  pccdtcts  cf  fuel  (for  example,  aaaonia  NH3 
or  hydrazine  . 


'  i '  r.  o<i'’-’rivf  t  wr-cc  i  rcr;e  n  t  2h [Vi].  9,3)  into  the 
Idttr-r  is  sup:-iioa  cooplere  oxidizer  oor.  sua  pt  ion  frca  the  pur;  and 
ths  relatively  low  part  cf  the  fuel;  its  basic  part 
f lows/cccurs/lasts  over  th«  ccclant  passage  and  in  the  liquid  state 
is  introduced  inside  the  chaater/camera,  which  in  contrast  tc 
diagraas  exaained  above  is  afterburner.  Therefore  such  2hSD  call 
afterburners  of  generator  gas. 

To  thair  nuaber  it  relates  alsc  ZhRD  with  reducing  two'^coaponent 
2hGG  (Pig.  9.4) ;  intc  the  chaabec/caaera  cf  this  engine  enter  the 
spent  reducing  generator  gas  and  liquid  oxidizer,  and  in  ZhGG  - 
coaplete  fuel  ccnsuapticn  (after  the  passage  through  the  ccclant 
passage  of  chaaber/caaera)  and  the  relatively  low  part  of  the 
oxidizer. 

Since  pressure  In  ZhGG  of  the  engines  in  question  is  acre  than 
pressure  pm.  the  pressure  cf  that  part  of  the  propellant  coapcnent, 
that  heads  in  ZhGG,  aust  be  acre  than  the  pressure  of  basic  p^u:t  of 
the  coaponent,  supplied  directly  tc  the  chaabec/caaera.  For  this 
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Fig,  9,3,  ZhRD,  which  works  on  diagram  '*gas-liguii"  with  oxidative 
two-component  ZhGG, 


Pig.  9.4.  ZhROf  which  works  on  diagram  " gas-liguid**  with  reducing 
two-component  ZhGG, 


Page  134, 

Let  us  compare  ZbRO  with  oxidative  and  reducing  ZhGG.  usually 
fcr  two-component  ZhRD  coefficient  x  is  more  than  cne,  i.e., 
oxidizer  consumption  is  more  than  fuel  consumption.  The  available 
power  of  turbine,  as  it  will  be  shewn  in  §13.13,  depends  on  the  gas 
flow  through  the  turbine  and  cn  prcduct  RT  of  the  gas  indicated. 
Therefore  from  the  point  cf  view  of  the  gas  flow  fcr  the  drive 


! 
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turbines  ZhSD  with  oxidative  2hGG  have  an  advantage  before  ZhRD  with 
reducing  ZhGG,  However,  the  cxidativa  gas,  which  has  high 
teacsrature,  exerts  the  strong  cxidizir.g  ef f ect/acticn  on  the 
structural  materials;  therefore  its  temperature  it  is  necessary  to 
decrease.  Hcwevar,  as  a  whole  in  2hFC  is  more  profitable  to  use 
oxidative  ZhGG, 

Product  P.T  of  reducing  gas  generator  gas  of  hydrogen  ZhBC  due  to 
the  high  gas  constant  of  hydrogen  has  high  value;  therefore  in  them 
is  more  expedient  to  use  reducing  ZhGG. 

ZhRO  with  the  gasification  of  the  working  mediuB/propellant  of 
turbine  in  the  coolant  passage  cf  chamber/caaera  it  is  possible  to 
create,  if  as  fuels  serves  liquid  hydrogen.  In  this  case  thers  is  no 
need  for  in  ZhGG,  which  simplifies  the  schematic  of  engine. 

Cne  of  the  possible  schematics  of  this  engine  is  shown  in  Fig. 
9.5.  Liquid  hydrogen  passes  through  twc  consecutively/serially 
established/installed  pumps,  after  which  it  enters  the  coolant 
passage  of  chamber/camera.  Formed  gaseous  hydrogen  heads  for  the 
turbine,  and  then  on  the  gas  conductor  >  into  the  combustion  chamber. 
Oxidizer  (for  example,  liquid  oxygen)  is  supplied  into  barrel:  pump 
can  be  installed  on  the  separate  shaft  and  be  brought  with  the  aid  of 
train  of  reducing  gears  from  the  shaft  on  which  are 
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sstatlishsd/ics'ali'sd  t  wt  hydrogen  pumps  and  turcints. 

The  distinctive  sp-?cial  tcature/paculiariry  of  such  ZhFE  is  the 
low  t  ur  bir.e  inlet  gas  t  etr  pe  rature  c  cm  prising 

apprcximately/exeoplatily  of  22G-215°K.  In  the  engines  with  ZhGG  the 

:  .  P"' r 2~.ur:  indicated  is  suhsnar.tially  a  ocvs  ■■jid.;.)- 1  075®K)  . 

Shortcoming  of  ZhPn  with  the  gasification  of  the  working 
msdium/propellar.t  of  turbine  in  the  coolant  passage  of  chamher/canera 
is  relatively  low  pressure  Pk  (40-50  bars  [*40-50  kgf/cin^) 

In  ZhRD,  which  work  cn  the  diagram  **gas-gas''  (Fig.  9.6)  ,  both  of 
propellant  ccmponents  completely  are  used  for  the  drive  of  turbopump 
units,  while  in  ZhRD,  which  work  cn  the  diagram  "gas-liquid",  one  of 
the  components  completely  is  not  used  for  this  purpose  or  is  used  its 
small  part. 


«  ■  * 


fig.  9.5.  Zhr.D,  which  wcr.^s  cr.  th=  diagram  "  g  as- iiguid”  with  the 
gas:  f  icatier.  cf  the  working  msdiuT/prope  llant  of  turtine  in  the 
coolant  passage  of  cham ter/camera. 

Page  135, 

In  ZhRD,  which  work  on  the  diagram  "gas-gas",  there  is  cn  two 
TNA  and  zhGG.  The  combustion  products  of  reducing  ZhGG  8  will  become 
by  the  working  medium/pr cpellant  cf  the  turbine  7  of  TN&  of  fuel; 
after  turbine  they  are  fcrwacded  cn  gas  conductor  6  for  afterburner 
1,  Analogous  with  this  the  combusticn  products  of  oxidative  ZhGG 
enter  the  turbine  3  cf  TNA  of  cxidizer,  and  then  cn  gas  conductor  2 
also  into  afterburner. 

Pump  9  basic  part  cf  the  fuel  supplies  into  the  reducing  ZhGG, 


and  smaller  -  into  the  cxidative.  Prom  pump  4  basic  part  of  the 
oxidizer  enters  the  the  oxidative  of  ZhGG,  and  smaller  -  into  the 
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reducing. 

As  is  evident,  ZhRD,  which  wcrk  on  tha  diagram  ''gas-gas",  are 
afterburners  of  generator  gases  in  the  chamber/camera,  such  ZhRD  car. 
have  the  higher  pressure  of  ccmtusticn  products  in  afterburner  in 
comparison  with  ZhRD,  which  work  on  the  diagram  "  jas-l:.  TUid" ,  or  one 
and  the  same  high  pressure  in  afterhurnsr  at  smaller  necessary 
pressures  of  propellant  compocents  at  the  output/yield  from  the 
pumps. 


ZhRD  with  the  input/intrcducticn  of  working  medium/propellant 
after  operation  into  the  turbine  into  the  expanding  section  of  nozzle 
(Fig.  9.7).  If  engine  works  on  the  diagram  "liquid-to-liguid" ,  but 
working  body  after  operation  in  the  turbine  is  not  thrown  out  into 
the  environment,  but  it  is  introduced  into  the  expanding  section  of 
nozzle,  then  specific  jet  firing  increases/grcws ;  however  it  is  less 
than  the  specific  impulse  ZhCD,  which  work  on  the  diagram 
"gas- liquid"  or  "gas-gas”. 
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Fig.  9.6. 


Fig.  9,7. 


Fig.  9,6.  ZhRD,  working  cn  diagrau  "gas-gas”:  1  -  afterburner;  2,  6  - 
gas  conductors;  3  -  turbine  of  TSA  of  oxidizer;  4  -  pump  of  cxidizer; 
5  -  oxidative  ZhGG;  7  -  turbine  of  INA  of  fuel;  8  -  reducing  ZhGG;  9 
-  fuel  pump. 

Fig,  9,7.  ZhRD  with  input/introducticn  of  working  body  after 
operation  into  turbine  into  expanding  section  of  nozzle. 


Page  136. 

The  example  of  engine  with  the  input/introduction  of  working 
medium/propellant  after  cperaticn  into  the  turbine  into  the  expanding 
section  of  nozzle  is  ZhRD  F- 1  cf  first  stage  cf  American  carrier 
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rocket,  " Saturn- 5". 


In  engine  installaticn  with  ZhRD  enter  the  systems,  the 
aggregates  and  the  assemtlies,  nhich  ensure: 

a)  arrar.gr.?.-T:r.t/p''s:.tion  and  stcraga  of  liquid  co:i';cr. '-r ts  of 
propellant  (tanks); 

b)  their  supply  intc  chaaber/camera ; 

c)  engine  starting; 

d)  propellant  igniticn  (£cr  the  engines  Hith  the 
ncrspcntaneoasly  combustible  fuel/piopellant) ; 

e)  cooling  chamber/camera; 

£)  a  change  in  engine  pcwen  rating; 

g)  the  creation  of  efforts/fcrces  and  nooents/torques  for  the 
flight  control  of  rocket  vehicle; 


h)  engine  cutoff 
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Some  systsas  ir.  aany  r€s{.ects  are  analogcus  for  differfrit 
thermal  BD,  while  ocme  -  fcr  all  types  of  rocket  engines.  For 
example,  for  the  creation  cf  ef fcrts/forces  fcr  the  purpose  of  the 
flight  control  of  rocket  vehicle  an  engine  of  any  type,  including 
electrical,  can  be  diverged  tc  certain  angle  which  causes  the 
apprcpriat^  dr  f  l-i-cticr. . 

The  feed  sysroms  cf  liquid  propellant  components  in  the  engine 
installations  with  ZhRD  (see  chapter  XIII),  ether  thermal  RD  and  are 
partly  with  the  electric  meters  alse  analogous. 

All  types  of  rocket  engines  with  the  relatively  high  temperature 
of  the  products  of  cembustien,  decomposition,  heating  or  plasma  have 
a  cooling  system,  i.e«,  branch  system  of  the  heat  fluxes,  which  enter 
the  chamber  walls. 

The  mode  of  operation  of  the  majority  of  roclcet  engines  changes 
by  changing  the  expendituxe/consumption  of  working  medium/prcpallant 
(for  chemical  RD  -  by  changing  the  propellant  component  flow). 

§9.2,  Selection  of  optimal  pressure 


In  §2.4  it  was  shown  that  for  ebtaining  high  characteristic 
velocity  of  rocket  vehicle  were  necessary  the  high  values  of  specific 
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impulsa  DU  and  ratio  of  th®  initial  mass  of  rccitet  vehicle  tc  the 
final. 


The  degree  of  the  perfection  cf  engine  installation  can  be 
estimated  by  relation  /i/ffljiy  Cptiial  is  this  pressure  Pk,  with  which 

the  relation  indicated  fer  assicned  magnitude  (a  it  has  ,:r=2t  value. 

Optimal  pressure  Pk  depends,  first  cf  all,  on  the  feed  system 
of  propellant  components  intc  the  chamber/camera . 

For  each  type  of  pressururized-propellant  feed  (with  the 
utilization  of  gas  AD,  ZhGG  or  T6G)  with  an  increase  in  pressure  Pm 
to  certain  of  its  value  relation  increases/grows,  and  with 

further  growth  Pk  it  is  decreased. 

Page  137. 


Let  us  explain  the  special  feature/peculiarity  indicated.  We 
will  proceed  froa  conditions  m„  -const  and  Pe=-const.  For  the  thrust 
chamber  is  characteristic  an  increase  in  the  specific  impulse  with  an 
increase  in  pressure  Pk.  but  in  proportion  to  its  increase  an 
increase  in  the  specific  impulse  significantly  is  retarded  (see 
§5.4) . 
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Simultaaeously  with  an  increase  in  pressure  Pi.  it  is  necessary 
to  raise  pressure  in  the  tanks,  which  requires,  in  turn,  increases  in 
the  wall  thicknesses,  and  ccnsequertly,  their  mass.  Fur thermcre, 
increases/grows  the  mass  cf  the  nczzle  of  cha mber/camera  in 
connection  with  an  increase  in  values  £<-  and  h-  Therefore  with  an 
increase  in  pressure  Pv  for  the  safeguaru  of  conditicn  m-y  =ionst 
ths  mass  of  f uel/propcllant  in  the  tanks  DU  it  is  necessary  tc 
decrease. 

An  increase  in  relation  /s/«ay  with  an  increase  in  pressure  p. 
is  explained  by  the  fact  that  in  this  interval  of  pressure  Pk  the 
specific  impulse  increases/grcvs  intensively,  and  value  It  is 
increased  in  spite  of  the  decrease  of  the  mass  of  fuel/propellant. 

Hith  an  increase  in  pressure  Pk  over  the  optimal  relation 
hlniiy  begins  to  be  decreased,  which  indicates  the  greater  effect  of 
the  decrease  of  the  mass  cf  fuel/prc pell  ant  due  to  increase  cf  mass 
of  tanks  and  system  of  displaceesnt  in  comparison  with  the  effect  cf 
an  increase  in  the  specific  impulse  as  a  result  of  an  increase  in 
pressure  pm- 


The  less  the  mass  cf  tanks  and  system  of  displacement  fcr 
supplying  the  prescribed/assicned  quantity  of  propellant  components 
from  the  tanks  into  the  engine  chanter,  the  more  the  completion  of 


DOC 


81009001 


PAGE 


31 


DL'. 


vii*h  *;h^  imprcvea? nt  cf  r*€d  systsm  increases/ jrows  relation 
and  optimal  pressure  pn-  Fcr  exaaple,  pressure  feed  system 
with  the  utilization  cf  ZhGG  is  mere  effective  than  system  with  gas 

..  (l-i  ^  8)  . 

Usually  pressure  Pk  fcr  ZhSC  with  the  pressure  feed  system  of 
propellant  components  is  within  the  limits  of  15-30  bars  [a15-30 
lcgf/cm2  ],  In  ZhRD  of  space  vehicles  use  in  a  number  of  cases  lower 
pressures  (7-8  bars  [a»7-8  kgf/ca^)  ],  which  mahes  it  possible  to 
foregc  the  external  flowing  ceding  of  chamber/camera  and  tc  attain 
the  possibility  of  a  significant  pewer  change,  and  also  its  high 
reliability. 

For  the  engine  installation  with  the  pump  feed  system  of 
propellant  components  intc  the  chasber/camera  also  is  an  optimal 
pressure  Pa>  depending  cn  a  number  cf  factors,  including  on  the 
diagram  DO. 
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7:.j.  9.9,  Dei-er.ler-ce  cf  relation  /.  on  pressure  p.  ior  2hRD 

•rfith  the  pr essur uri zed- prcprlla nt  feed  with  the  gas  stcrag?  taax  cf 
pressure  (2)  and  ZhGG  (1)  (/n^v-const-  D,=oonst) 

Page  138. 

la  the  engine  installaticc ,  «hich  includes  zhRD  eith  the 
thrcw-out  cf  working  mediun/prcpellant  after  operation  in  the  turbire 
into  the  environment,  with  an  increase  in  pressure  Pr  is  increased 
the  necessary  pressure  cf  propellant  components  at  the  cutput/yield 
from  the  pumps,  which  causes  the  need  for  an  increase  in  the  power  of 
turbine  (in  §13.13  it  will  be  shewn  that  to  increase  the  power  of 
turbine  is  possible  in  essence  by  an  increase  in  the  gas  flew  through 
it;  however  in  this  case  it  descends  specific  jet  firing,  see  §9.1). 

In  certain  range  of  pressure  p*  in  propertion  to  its  growth 
specific  jet  firing  increases/grews:  an  increase  in  the  specific 
impulse  of  chamber/camera  due  tc  an  increase  in  pressure  exceeds 
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the  aecrease  of  specific  ^et  firing  as  a  result  of  an  ir.creas?  in  the 
gas  floe  through  the  tartiae. 

At  certain  pressure  P*  is  prcvidad  the  greatest  specific  jet 
firing,  while  with  further  increase  pn  it  begins  to  be  decreased 
(Fig.  9.9).  In  this  case  a  ce  i'ict  icn/d«scent  in  the  specific 
firing  due  tc  an  increase  in  the  gas  flow  thrcajh  the  turbine  ?xc(=?is 

growth  in  the  specific  iitpulse  as  a  result  of  an  incraase  in  pressure 
Pw- 


The  selection  of  optiaal  pxeeeure  Pk  and  for  ZbRD  with  the  puap 
feed  systen  east  be  produced  not  cf  the  condition  of  the  greatest 
specific  jet  firing,  but  froe  the  cendition  fer  greatest  relation 
/i/mny  • 

In  the  engine  Icstallatlcn  with  ZhRD,  which  worX  on  the  dlagrai 
"gas- liquid"  or  "gas-gas”,  the  specific  iapulse  of  chaaber/caaera  and 
engine  is  one  and  the  saae  value.  Per  such  engines  with  an  increase 
in  pressure  siaultanecusly  with  an  increase  in  the  specific 
iapulse  grows  ths  aass  cf  chaabet/caaera. 
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Fig.  9. 9.  Fig.  9.  10. 

Fig,  9.9.  Dependence  cf  specific  iupulse  of  chaafcer/cameLa  (1)  and 
engine  (2)  with  throw-cut  cf  workirg  mediua/propellant  after 
operation  in  turbine  into  envircntent  on  pressure  p*  (p.— const) 

Pig.  9.10.  Dependence  of  relation  isf^av  ZhPD  with  throw-out  cf 

generator  gas  into  acvircnment  with  ZhGG  on  auxiliary  cooporents  of 
propellant  (1),  on  basic  coapcrents  cf  propellant  (2)  and  for  ZhRD 
with  afterburning  of  generator  gas  (3). 

Page  139. 

Therefore  also  there  is  an  optiral  pressure  P;  corresponding  to 
greatest  relation  /i/aiay. 

The  mere  modern  the  feed  system  of  propellant  components  into 


p^ip^mco^) 
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the  chaaher /caaera  and  the  iiagrai  cf  ZhRC,  the  greater  the  ralatitr. 
/i/fftay  .  aoreover  it  :3  incrtated  »iith  at  increase  in  pressure  Ph 
(Fig.  9.10).  Best  are  DO  with  ZhFC,  which  work  on  scheme  "yas-liguid" 
or  ''gas-ias”.  It  is  especially  p^cfitable  to  use  such  engines  at  high 
pressures  Pk  for  DU  cf  high  thrust. 

In  §5.4  it  was  shown  that  with  increasa  p,.  are  decreased  th.-r 
sites/iiaer-siens  cf  chamter/camera  and  is  simplified  its  manufacture. 

High-pressure  use/application  Pk  is  connected  with  some 
difficulties  during  the  creation  cf  engine.  They  include:  the  need 
for  more  effective  coclicg#  difficulties  of  the  safeguard  of 
airtight r.»ss  cf  joints,  and  alsc  strength  and  efficiency  cf  engine 
accessories.  However,  these  difficulties  successfully  are  overcome. 
ShortcoBinqs  in  high-pressure  utilization  Pk  are  also  an  increase  in 
the  ccst/value  of  engines  and  certain  reduct icn/descent  in  their 
reliability. 

Pressure  Pn  for  the  najerity  cf  conteaperary  ZhBD  with  the  punp 
feed  systea  equally  to  fO-ICO  tats  [eSO-lOO  kgf/ca*  ];  for  soee  ZhRD  - 
to  200  bars  [ab200  kgf/ca^];  is  investigated  wert hwhileness  cf  higher 
values  Pk-  of  280-350  bars  [«28C-350  kgf/caz  ]  and  oiore. 
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Chapter  X. 

LIQUID  CH51ICAL  PPO  PE  L  L  A  NT  S, 

In  f!l.2  it  was  irdicatad  that  chemical  f uel/prcpellant  ara 
railed  tl’"'  subsi  a  r.c  s  which  wi^-h  the  act  r  =-r.c'=  :  ~tc  the  chemical 
reaction  isolate  heat  and  fors  in  essence  gaseous  products.  Most 
typical  chemical  fuels/rrcre  1  lants  consist  of  oxidizer  and  fuel. 
Oxidizer  is  called  the  substance,  which  consists  mainly  of  the 
oxidative  elements/cells ,  and  by  fuel  -  from  the  combustible 
elemects/cells.  In  the  process  of  chemical  reaction  occurs  the 
electron  transfer  in  the  cutexacst  electronic  shell  of  the  atoms:  th 
atoms  of  combustible  elements/cells  give  up  their  electrons  to  the 
atoms  of  oxidative  elements/cells. 

The  component  of  chemical  fuel/propellant  (Fig.  10.1)  is  called 
the  liguid  substance,  stored  in  the  separate  tank  and  supplied  on  th 
separate  main  into  the  engine  chamber.  The  component  of  chemical 
fuel/propellant  can  be  the  sclld,  placed  directly  in  the 
chaaber/caeera.  As  the  component  cf  chemical  fuel/prcpellant  can 
serve  also  the  mixture  either  of  liquid  or  solid  individual 
substances,  and  also  the  mixture  cf  liquid  and  solid  individual 


substances 
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In  certain  cases  into  the  prcrellant  component  introduce  the 
special  additives  (frcm  the  pcrticrs  of  percentage  tc  several 

percentages)  for  the  curpcsa  cr  an  improvement  in  its  any  prcpartv. 

The  liquid  propellant  compcnents,  which  contain  solid  metallic 
particles,  call  metal-ccntainir.g,  cr  metallized;  tney  distinguish  twc 
types  of  these  ccmponents;  suspensicn  and  colloidal  scluticns. 

Suspension  is  called  the  liquad  component  in  volume  of  which  evenly 
distributed  the  fine/small  solid  particles  of  metal.  Colloidal 
solution  differs  from  suspension  in  terms  of  the  smaller  size  of  the 
particles  of  the  metal. 
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Fig.  10.1.  Classification  cf  the  components  of  chemical 
f ue 1/ propellant. 

Key;  (1),  Component  of  chemical  fuel/propellant.  (2).  Solid.  (3). 
Liquid  substance,  (h) .  Mixture  cf  liquid  and  solids.  (5).  One 
individual  substance.  (6).  Mixture  cf  two  or  more  individual 
substances.  (7).  Emulsicn.  (8).  Cclloidal  solution.  (9).  Sithcut 
additives.  (10).  with  additives. 
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10.2.  Classif icaticr.  of  cheniical  f 'i els/ prnperllants . 

;<?y:  (1).  chemical  f  uels/ pro pellants.  (2).  solid.  (3).  Liquid.  (U)  . 

rwo-component  hybrid.  (5).  He irogerecus.  (6).  Solid-liquid.  (7). 
Heterogenic.  (8).  onc-eem conent .  (9).  Two-component.  (10). 

:;s-li:uii.  (1'^}.  (T2).  cr-  individ-iil  ;u:.'tj>rce.  (13). 

(■lixtura  ci  several  individual  suhstar.c^s.  (14).  l  jr.iti.-.  q 
spontaneously.  (15).  Cemtustiru  ncrspcntar.eously . 

Page  141. 

Chemical  fuels/propellants  (Fig.  10.2)  classify  according  tc  the 
following  signs: 

a)  in  a  quantity  of  tasic  coirpcnents  -  (mono-,  two-  and 
three-compenent  f uels/prcpellants) ; 

b)  due  to  the  state  of  aggregation  of  basic  components  cf 
propellant  -  (solid,  liquid  and  sclid-liguid  (hybrid)  propellants) ; 

c)  on  the  special  features/peculiarities  of  the  reaction  of 
cempenents  of  propellant  with  their  direct  contact  (igniting 
spontaneously  and  nonspcntanecusly  ccmbustible  fuels/propellants). 
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The  hypertjOlic  fuels  will  te  ignited  through  (3-o)»10“^  s 
after  the  contact  of  their  ccmpcnects  (the  tire  iridicat  =  d  is  called 
the  period  of  the  delay  cf  spcntatecus  combustion)  .  For  the  ignition 
of  the  nonspontaneously  combustible  fuels/propellants  is  required 
special  system. 

A  number  cr  thr^'f-ccmconer  t  f  uels/prcpellants  includes,  in 
particular,  the  f u«ls/prcpellar.ts  in  which  are  included  the  cxidizer 
combustible  and  component  with  the  lew  value  v  (for  example,  liquid 
hydrogen),  which  occasionally  referred  to  as  diluent. 

Solid  fuels  can  be  homogeneous  (uniform)  and  heterogenic 
(heterogeneous  or  mixture).  Homogeneous  fuel/propellant  is  the 
chemical  substance  whose  irclectile  contains  oxidizer,  and  combustible 
homogeneous  fuel/propellant  is  also  the  solid  solution  of  two  such 
chemical  substances.  Composite  propellant  -  mechanical  mixture  of 
oxidizer  (usually  crystal)  and  fuel  which  simultaneously  plays  the 
role  of  binder,  providing  thereby  the  creation  of  solid-propellant 
grain  with  the  necessary  mechanical  characteristics,  solid  fuels  are 
examined  in  chapter  XVl. 

§10.1.  Simple  oxidizers  and  fuels. 


The  components  cf  chemical  fuels/propellants  contain  both 
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oxidative  and  combusticle  eleme nts/cells .  The  propellant  components# 
which  consist  oi  one  type  oxidative  or  ccmbustiblc  elements/cells, 
call  respectively  simple  oxidizers  cr  fuels. 

The  oxidizers  include  oxygen  and  halogens:  fluorine,  chlorine, 
bromine  and  iodine.  The  greatest  oxidizing  ability  they  possess 
oxygen  and  especially  fluorine.  Them  are  us'd  in  the  form  of  siapl? 
oxidizers  and  in  connection  with  other  less  effective  oxidative 
elements/ce 11s.  Some  properties  of  simple  oxidizers  are  given  in 
Table  10.1. 

The  basic  fuels  of  chemical  cccket  propellants  are  hydrogen, 
lithium,  beryllium,  boron,  carbon,  magnesium,  aluminum  and  silicon; 
other  combustible  elements/cells  -  sodium,  calcium,  phosphorus, 
titanium,  zirconium  -  are  less  effective,  in  Table  10.2  are  given  the 
basic  properties  of  simple  fuels. 

The  fuels/propellants  in  which  as  the  oxidizer  is  used  fluorine, 
are  more  effective  than  f uels/pxcpellant s  on  the  basis  of  oxygen. 

Page  142. 

This  is  explained  by  the  fcllcwing  special  f eatures/peculiaritias  of 
oxides  (the  end  products  cf  the  reaction  of  fuels  with  oxygen)  and 
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2.  Bcilir.'j  pcir.*  ar.d  melting  cf  fljorides  is  substantially  Iowa 
than  appropriate  temperature  cf  cxides.  Tharefore  in  the  majcrity  of 
the  cases  fluorides  desert  the  tczzle  cf  chanifcer/canera  chemical  RD 
in  the  gaseous  state,  ard  many  cxides  (especially  BeC  and  AI2O3)  in 
the  liquid  or  solid  state. 

Hydrogen  during  the  reaction  with  oxygen  and  fluorine  gives  not 
the  highest  heat  of  fermatien  of  corresponding  oxide  (H20)  and 
fluoride  (HF),  but  these  cempeunds  possess  low  molecular  weight  and 
low  values  7'ot  and  Tn.i,  which  irakes  the  fuels/propellants  in  which 
is  used  oxygen  and  fluorine  as  the  oxidizer  and  hydrogen  as  the  fuel 
by  very  effective  ones. 

Highly  efficient  fuels  are  also  metals  and  metalloids  with  the 
low  molecular  weight  (Li,  Be,  B) .  Carbon  relates  to  a  number  of 
relatively  barely  effective  ccmfcustible  element s/cel is. 
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taalc  10.1.  Scica  proper^iss  cf  sicpls  oxidizers  [35],  [37]. 
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Key:  (1).  Oxidizer.  (2).  Chemical  £croula.  (3).  Reference  number  of 
eleme nt/cell.  (4).  Density  in  the  liquid  state.  (5).  at  normal 
pressure.  (6).  kg/kmole.  <7)  ,  kg/m^.  (8).  Oxygen.  (9).  with.  (10). 
Fluorine.  (11).  Chlorine.  (12).  Crcirine.  (13).  Iodine. 
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Table  10.2.  Sone  properties  cf  siaple  fuels  [  35],  [37]. 
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Key:  (1).  Conbustlble.  (2).  CheBical  fornula.  (3).  Reference  number 
(4)  «  in  solid  state.  (5).  in  the  liquid  state.  (6).  at  normal 
pressure.  (7).  kg/kmole.  (6).  kg/m^.  (9).  Hydrogen.  (10).  uith.  (11 
Lithium.  (12).  Beryllium.  (13).  Eotcn.  (14).  Carbon  (graphite).  (15 


Hagnesium.  (16).  Aiuminuin.  (17).  Silicon. 


FOOTNOTE  1.  At  a  temperature  cf  298*.  15  K.  EKDFOCTNOTE. 

§10.2.  Special  requirements  fer  the  liquid  chemical  propellants. 

General  and  specific  reguiremerts  for  the  chemical 
fuels/propellants  arc  examined  in  §3.2  and  3.3. 

In  accordance  with  equation  (5.10)  of  fuel/propellant  must 
provide  the  high  values  of  thrust  coefficients  Kp  (see  §5.3)  and  6 
(see  §4.5).  The  coefficients  indicated  as  rate  U”c  (see  §4.5), 
increase/grow  with  an  increase  in  temperature  and  gas  constant  of 
products  cembustien  at  the  nozzle  entry,  and  also  with  an  increase  in 
the  expansion  ratio  ec  and  the  decrease  of  index  np. 

Page  144. 

Essential  is  the  effect  cf  temperature  r.,  which  depends  on  net 
calorific  power  //pa«,  of  that  determined  by  type  and 
relationship/ratio  of  prcpellant  cemponents. 
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The  components  of  chemical  fuels/propellants  analogous  with  all 
working  msuium/propollants  RC  (see  §3.2)  must  possess  high  density. 
Especially  this  is  important  for  the  oxidizer,  since  its  density  in 
essence  determines  fuel  density. 


In  connecticr.  with  t’n=  fact  that  cn  characteristic 

of  rocket  vehicle  values  /yi.*;  and  Ct  have  different  effect 
need  in  the  combined  estimated  parameter.  Such  parameter  is 
expression  where  c  -  index  whose  value  is  determined 

according  to  the  eguaticn 


y  elccit  p 
,  appear 


1 


Here  - 


"i- 

lass  of  propellant  components. 


To  the  maxiaum  of  the  characteristic  velocity  of  roclcet  vehicle 
corresponds  the  great  value  of  expression  /y,/ke%  Index  c,  which  is 
determining  the  density  effect  of  fuel/propellant  on  the 
characteristic  velocity  of  rocket  vehicle,  is  lower  than  unity. 
Therefore  specific  impulse  influences  characteristic  velocity  more 
than  fuel  density.  With  the  decrease  of  index  c  (i.e.  with  an 
increase  in  relation  rn,lmwn)  density  effect  Ot  is  decreased.  A 

value  rru,/ma$.n’"0,8,  characteristic  for  the  ballistic  missiles,  c=0. 5 


For  the  upper  stages  of  rockets  the  density  effect  of 
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fuel/propeliant  is  decredsed,  and  tLa  effect  cf  specific  i.-:puls3 
ir.cr£.as3s/jrcws.  Thersfrre  for  the  uppar  stages  of  rockets  is 
r  eccanended  the  use/applicaticn  c£  a  f  ue  l/prcpellant  liquid  cxyuer.  ♦ 
liquid  hydrogen,  in  spite  of  the  extremely  low  density  of  liquid 
hydrogen  (ppi7  1  kg/m^)  , 

Tha  iapcrnant  characteristics  cf  cherical  f uel/propellar.t  are 
also  th‘i  stability  (stability)  cf  the  course  cf  the  reaction  of 
burning  or  deccmpositicn  and  starting/launching  properties. 

The  stability  of  burning  or  decomposition  of  fuel/propellant  is 
determined  in  essence  by  the  amplitude  of  fluctuations  of  pressure 
Pu-  is  more,  the  less  stably  occur  chemical  reactions  in  the 
chamber/caiEera  and  the  lower  the  reliability  cf  its  operation  (see 
§15.1). 

Fuels/prcpellants  with  good  starting/launching  properties 
provide  stable  (without  the  large  oscillations  pressures  p*)  the 
start-up  conditions  of  engine.  For  example,  bipropellants  with  good 
starting/launching  properties  easily  and  smoothly  will  be  ignited  in 
broad  limits  of  a  change  cf  coefficient  x,  which  is  explained  by 
their  following  special  features/peculiarities: 


a)  by  light  volatility; 
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b)  by  lew  igniticc  temperature. 


Page  145. 


c;  t  r.  :•  necessary  far  th-i  ir.  f  la  ?  .na  ti  or.  : 

d)  by  the  short  ignition  delay  ta*. 

From  the  point  of  view  of  the  safeguard  cf  good 
starting/la unching  properties  acd  stability  of  the  process  cf 
burning/  and  also  sinplificaticn  in  the  construction/design  cf  engine 
the  hypergolic  fuels  usually  have  advantages  before  those  cembusting 
nonspcntaneously. 

To  the  liquid  propellant  cempenents  present  the  follcwing 
additional  reguireinents: 

a)  low  viscosit y/ductility/tcughness,  also,  as  far  as  possible 
its  small  charge  in  the  temperature  range  of  the  operation  cf  engine; 

b)  small  surface  tension; 
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c)  tht  lc'«  saturated  vafcr  pressure. 

v i  t  r.  t  h  *  It  w  V i c-cc  s i t  y/ d uc't’ i  lit V /t ;  u  1  r. a  S3  cr  r rc  :;«•  1  la  r.  t 
coactr.3r.ts  is  dscr'ras^d  the  hydraulic  rtsistarce  cf  tr.-a  aairs  of 
angir.e,  which  leads  tc  the  decrease  of  th®  necassary  ex  penait  ures  cf 

po'.er  ::r  t  '  s;  ;!_•  rf  r'r-;  r*  £  i  r  -  r  -  -  r  . 

with  tho  lew  V  isro  3i  t  y /d  ur  t  i  li  t  y/to  u  jh  r.e  S3  a  r.  i  t.'ie  saall  surfac 
tension  of  liquid  propellant  cetpenents  is  improved  tneir 
atomization,  i.a,,  the  fragmentation  to  tho  siallest  particles  durir. 
the  irput/introducticn  cf  ccaponerts  into  the  chaaber/camer a ,  whic.'. 
facilitates  more  complete  comkustlcr. 

The  low  saturated  vapor  pressure  of  propellant  components 
decreases  the  losses  tc  their  vaperization  and  is  exerted  favorable 
influence  on  some  other  parameters  cf  engine  and  roexet  vehicle  as  a 
whole. 


If  engine  chamber  has  external  flowing  cooling,  then  one  of  the 
propellant  components  must  possess  good  cooling  properties. 

It  is  necessary  to  indicate  that  there  are  no  such 
f uels/prcpellants  which  it  would  te  possible  to  use  with  the 
identical  effect  for  the  rccket  eegines  cf  different 
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-  ;s  r.a  ti  or  /  {iur  f  c  se  ar.d  ^ii'r:^  differrr.t  *hr'-:s'^.  rt.orcrorr  the 
selection  cf  f ue  1/pr oi- e  1 1  ant  in  eac:.  spsciiic  cese  lust  bs  proljced 
'/  *•■  :  y  •■  h  T  r  o  u  g  h  1  y  . 

jl0.3.  Character ist ic  cf  liquid  f tc pellants . 

I"  Ir.rl  ir.  ess'^rcf  ate  uied  the  ni ;  rc  i- e  1  lar,  tc .  J-c- 
fu’lc'rrcp'' Harts  rail  alfc  tirrcrellant  sirct  .  xiHrec  and 

rcohustiblf  ar?  store'’  in  th«  sccaoat®  tanks  an.':  aro  s'l-olif-i  into 
the  Cham  ber/canera  or.  the  diffetert  lains. 

Ar*  Bcre  siiple  by  th<»  cctstructicn/design  and  ir.  the  eperatior: 
of  ZfiPD,  which  work  cn  the  cne-cceccnent  (cr  unitary) 
f u«  1/prcpel lant. 

The  Bcr.cpro  pc  11  ant  s ,  which  ate  t.he  mixture  cf  oxidizer  and  fuel 
or  the  solutions  of  fuel  in  tie  cxiiizer,  can  possess  sufficiently 
hiqh  energy  characteristics ,  rut  such  f  ue  ls/ptop«»llants  are  inclined 
to  the  explosion.  The  saee  can  be  said  about  tne  mcncpropellant, 
which  consists  of  one  substance  irtc  eolecule  of  which  they  enter 
beth  oxidative  and  coebustible  elements/cel Is  (for  exaeple, 
nitromet.iare  CH3NO2). 
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ncr.cprop6llants ,  «hich  consist  cf  cn  ?  iniiviiual  sufcstancfi 
(for  exanple,  hydrazine  N2H4)  and  vihich  isolate  heat  as  a  result  of 
aeccT.  position  cf  the  presence  cf  catalyst,  are  sufficiently  stable, 
but  have  ccmparatively  Ich  energy  characteristics. 

Are  used  both  solid  and  liquid  catalysts.  Solid  catalyst  is 
ylacEC  directly  into  the  chaster/caraera ;  its  mss  with  the  wcrh  of 
er.qir.r  virtually  dees  net  charge. 

Liquid  catalyst  is  placed  in  the  separate  tanic  and  continuously 
is  supplied  into  the  chaater/caiera  on  the  special  cend uit/manif old. 

The  example  of  sta rt ing/launching  propellant  component  for  2hHD 
is  triethylaluminum  A1(C2H5)3  ^  the  liquid,  which  is  ignited  in  air; 
it  are  used  for  the  igniticn  cf  the  ncnspcntaneously  combustible 
fuels/propellants. 

During  the  design  cf  ZhRC  ard  any  other  type  of  RD  they  strivs 
as  far  as  possible  to  exclude  staiting/launching  and  additional 
propellant  components.  The  use/applicatior.  only  of  basic  propellant 
components  simplifies  the  construction/design  of  rccket  apparatus  and 
servicing  devices  of  starting  buildings,  facilitates  servicing  tanks. 
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It  rfas  abcv'3  ir.dicatert  that  into  thp  rocket  propellar.:  ir.  a 
number  of  cases  are  introduced  the  additives.  Are  used,  in 
particular,  the  additives,  which  ensure: 

a)  the  prolonged  cheaicai  stability  of  cenponent  of  pro p al 1  an t 
(ir. hi  biters)  ; 

b)  a  reduction/descent  in  the  corrosiveness  of  component  of 
propellant  (deactivators)  ; 

c)  the  decrease  of  value  tx*  (catalysts); 

d)  the  spontaneous  cembustien  of  the  fuel/propellant  (this  it  is 
possible  tc  attain,  for  example,  by  the  introduction  of  liquid 
fluorine  into  liquid  oxygen) . 

§10,4,  Liquid  oxidizers  and  the  fuels  of  roeXet  propellants. 

Oxidizers  usually  compose  the  large  part  of  the  fuel/prcpellar.t 
throughout  the  mass.  Wholly  of  cxldative  elements/cells  consist 
simple  oxidizers  (O2,  F  g)  cr  coirpcunds  from  the  oxidative 
elemant s/cel Is  (oxide  of  fluorine  CFj,  fluorides  of  halogens:  CIF3, 


i 

1 
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Cl?5,  3rr3,  Bzi's*  JFs/  ‘“■tc. ,  p^rchlcryl  fluoride  ClOjF,  etc.). 

So:?®  oxidizers  contain  in  the  iiolecule  together  with  the 
oxidativ"'  rlecent/c^ll  nitregtr.,  vihich  is  the  naurral  element/cell 
(nitrogen  tetroxide  N2O*,  fluorides  of  nitrogen  NF3  and  etc.) 

or  CO  0  0  usti  1  -  and  n^u'^ral  ^  le  oents/cells  3  i  ^  i:i  tan  ?  c  u  si  y  (nitric  acii 
HNO3,  totranitrctethanc-  C(no2)*,  psrchloric  acid  HClc*,  etc.). 

I.i  peroxide  of  hydrogen  are  included  oxidative  and 

combustible  elements/cells. 

Page  147, 


Most  widely  in  ZhRC  are  used  the  following  oxidizers:  oxygen, 
nitric  acid,  nitrogen  tetroxide  and  peroxide  of  hydregen.  The 
physicochemical  properties  of  basic  oxidizers  are  given  in 
10.  3. 


Are  most  effective  the  fuels,  which  are  whole  of  the  ccxbustible 
elements/cells.  The  presence  of  nitrogen  or  oxidative  element/cell  in 
the  composition  of  fuel,  as  a  rule,  decreases  energy  propellant 
properties. 


The  utilized  and  premising  fuels  of  liguid  propellants  can  be 
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subdivided  into  the  foLlcwinj  groups: 

1.  Liquid  hydrogen  and  the  hydrazoic  fuels:  hydrazine  NgH*, 
ammcria  NHj. 

2.  w'ich  contain  ir  their  composition  hydrcce;;,  r.itrc:  =  r., 
carbon  and  being  derivatives  ct  hydrazine:  moroaetb y  1  hydrazine  (d'.j) 
H2M-NH(CH3),  uns ynmetrical  dimethylhydrazine  (UD.'iH)  hjM- N  (CH  j)  j  and 
apro7ine-50,  which  is  mixture  (1:1  throughout  mass)  of  hydrazine  and 
UDdH. 


3,  Hydrocarbon  fuels:  kerosene  (mixture  of  hydrccatbcns, 
obtained  with  distillation  of  petroleum)  ;  methane  CH  ♦  (liquified 
hydrocarbon,  which  is  fundamental  component  of  natural  gas);  ethane 
CzHfc  propane  CsH,  (also  liquified  hydrocarbons) ,  etc. 

4.  Fuels,  which  contain  in  their  composition  hydrogen,  carbon 
and  oxygen  (alcohols):  ethyl  alcohol  CjHsOH,  methyl  alcohol  CH3OH, 

etc. 


The  physicochemical  properties  of  basic  fuels  are  given  in  Table 


10.4. 


§10.5.  Characteristics  cf  fci pro pellants 
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The  characteristics  cf  basic  hipropellan ts  are 


given 


10.  5. 


In  Table  10,6  are  ncted  the  igniting  spontaneously  and 

r.cr.  sport  an  <=r  usly  coo  c>ist  able  f  ue  1  s/ [rope  11  an  t  s. 

Fuels/propellants  on  the  basis  cf  liquid  oxygen.  In  the  initial 
period  the  developments  cf  ZhKD  and  during  the  years  of  the  Second 
iicrld  War  used  extensively  a  fuel/propellant  liquid  oxygen  Oj+ethyl 
alcohol  CjHsOH.  A  comparatively  lev  heating  power  of  this 
fuel/propellant  led  to  the  replacement  by  its  fuel/propellant 
Oatkercsene. 

Fuel/propellant  Ojtkerosene  is  cheap  and  reliable,  it  is  well 
mastered  in  the  prcducticn  and  the  operation.  Some  difficulties  in 
coclicg  of  cfaamber/camera  due  tc  the  high  temperature  of  the  products 
of  combustion  and  comparatively  stall  quantity  of  fuel  in  the 
propellant  composition  successfully  are  overcome,  and  fuel/prcpellant 
Oe't'kerosene  extensively  is  used  in  contemporary  zhSD.  Are  developed 
ZhRD,  which  develop  on  this  fuel/propellant  thrust  to  7000  kn  [«700 


- 1 

1 
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] 
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Table  10.3. 

OKHCb  (ftTOpa 


TpH<|iTopiMi  xaopa 


OP,  53,996  49,35  j  127,85  1521  |  222 


CIP,  92,448  196,83  284,90  1809  —2000  CraOHjieH  j  OMeHb  TOKCHieti 


T!>ii(J)Topnn  a30Ta  j  NP3 

!  » 

III2Q 

(56.36 

.  1  OieHfc  TOKCHMCH 

1 

1  1 

TeT|)a<(»TO|)i  mpa.iiiH  j  N1F4 

1 

104.016 

105,15 

200.15 

,  ^  1500 
8fr)(iipn 
17.3°  K) 

i 

i 

i 

To  IKC 

1  1  . 

PpoM.i  ,  BfF-)  '  136,916 

281,92 

.398,9 

2797  i  — 

• 

7^ 

ToKCH*ieH  1 

‘ 

neHTa(J)TopH/t  OpoMa  i  BrF^ 

1 

174,916 

210,65 

313,45 

2465 

-2625 

1 

_ _ 1 

nepx;iopiiji(|)TopiiA  ClOgP 

1 

226,48 

1691 

XjiopHaii  KMCJiora  |  HCIO4 

100,465 

161,15 

403,15 

1772 

— K>0  !llecTa6ii.ibHa 

! 

ToKCimiia 

Key:  (1).  Oxidizer,  (2).  Chemical  formula.  (3),  at  normal  pressure. 

(4)  .  Chemical  stability.  (5) .  naxiium  permissible  concentration  in 
air.  (6).  kg/kmole.  (7),  kg/m^,  (g)  .  kJ/kg.  (9).  rng/mJ.  (10).  Oxygen. 
(11).  It  is  stable.  (12).  It  is  nontoxic.  (13).  Peroxide  of  hydrogen. 
(14).  It  is  unstable,  (15).  Nitric  acid,  (16).  Nitrogen  tetrcxide, 
(17).  It  is  stable.  (18).  Fluorine.  (19).  Fluorine  oxide,  (20). 
Chlorine  triflucride.  (2  1).  It  is  very  toxic,  (22).  Fentaflucride  of 
chlcrine,  (23),  It  is  weakly  tcxic.  (24),  Trifluoride  of  nitrogen. 
(25).  Tetraf luorinehydrazine,  (26),  with.  (27).  the  same.  (28). 
Trifluoride  of  bromine,  (29)  .  It  is  toxic.  (3C)  .  Bromine 


pentafluori  de.  (31).  perohlotyl  fluoride,  (32).  Perohlcrio  acid. 
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(JJ).  It  is  unstable. 


FOOTNOTE  ».  Values  at  a  terapeiature  cf  298°,  15K,  and  for  the 

Icv-E oiling  c.'ciioors  -  at  a  tcilirg  gc'nt. 

2.  Values  at  teffiferatute  cf  293°K,  and  for  low-boiling 
oxidizers  -  at  boiling  pcint.  EKCFCCTNOTE. 

Page  150. 

By  the  best  control  characteristics  even  more  steady-state 
burnirg  in  comparison  with  the  fuel/propellant  Oj+kerosene  possess 
f usls/propellants  02  +  NH4,  Ca  +  hh's,  Cz  +  .'IMG  and  Cj  +  UDJIH.  From  them  most 
extensively  is  used  the  f uel/prcpellant  Oj+UDBH.  For  these 
fuels/propellants,  and  also  for  f uel/prcpellant  Oj+Hj  in  spite  of 
their  high  heating  power  is  characteristic  a  reduced  temperature  of 
combustion  products,  which  facilitates  cooling  chamber/camer a. 


H 1 00  9  00  1 


FACE  ^<1^ 


"Table  1J.4.  Scie  properties  or  liquid  fuels  [2],  ''23',  [35], 

’  rrrrrzri  ^ 


;  XiiMHMec-| 
Kan  ' 
!  (})op.\iy.ia  • 


I  ^n.l  I  ^  ICHH  I  1  ( 

l~735 - 1  .  !  ..I 

'  npit  HOpua^lb-;  0  •  I  <n  ' 

!  hom  jaB.ie-  '  I  i 

.  Hail  .  I  ! 


f 

Ih-MOAb 


(•SjSlpeaeab- 

I  Ho  lonv- 

Xhmhmbc- 

I  KOHUeH- 

CTa6H.ib-'  •* 

HOCTb  i  B03JVXO 

I  - 

i  ! 


Bi'icpoj 


_ _ ';  I  I _ 1 

I  i  i  ;  I  I  //A  I 

H;  2,016i  13.941  20.39'  70.97  —38'28' rTaOn-ieH,  HeiOK- 
N-hi,  32, 'J4S;274.68:386,6S‘  1004  !  1373  '  .  ''^'ToKCime 


'  A.iMiiaK 

'MoHoaeTHa- 
1  rii.ipasMH 

V;li, 

32, 'J4«;274. 68:386, 65' 

NHa 

. 7, 'j32:195. 391239. 73| 

H,N— 
NH(CH  )i 

46,075] 

•220.75  360.65j 
1 

i  HJMf  1 

\6o)  I 

H,N— 

N(CH3), 

60,102 

;215.95  336.251 
265.85  343. 25I 

1  A3PO3HH-50  1 

— 

45. .584 

CHMCH 

ToKCMMeH 

20— 5(.* 
f 

ToKCnqeHi 


KeppcHH  C;.2iHi3.29  —  200 — 450  820 - 1728 

//fo  i^JycjTOBHan  220  850 

'  (bopMv* 

{ ao^  aa)‘ 

MeraH  CH4  16,047  89.15  111.65  424  —5439 


/aa3 

3thjio8 

-caHp 

iH6op 


3Ti«08bifl  CjHjOH  46.070159.051351.47  785  -6025 


/aO  I 

,  Caa6o 

TOKCHlieH 
.  1000 


HOopaH  27,67  107,65 180»65  430  438  CraGH.ieH  Becbxa 

B  repMe*j  roKCHqeH 


THqHOM 

b.\6aKe 


ineHTaOopaH  |  B5H9  j63.27  |226,34j335.15j  618  |  381].  fo»e  j  0,01  j 
Key:  (1).  Combustible.  (2).  Cheirical  formula.  (3).  at  normal 

pressure.  (4).  Chemical  stability.  (5).  naximum  permissible 

concentration  in  air,  (6),  Kg/kscle.  (7),  itq/mi>.  (8),  icJ/hg.  (<9), 

mg/m^,  (10).  Hydrogen,  (11).  It  is  stable.  (12).  It  is  nontoxic. 

(13).  Hydrazine.  (14).  Tcxic.  (15).  Ammonia.  (16).  Honomethyl 

hydrazine.  (17),  Aerozine-SO.  (18),  Kerosene.  (19),  conventicnal 

fcrmula.  (20).  Methane.  (21).  It  is  eeaicly  toxic.  (22).  Ethyl 

alcohcl.  (23).  Diborane.  (24),  it  is  stable  in  pressurant  storage 
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tank.  (25).  It  is  very  ncxic.  (2o).  P^nt abor an-;.  (27).  7hi  sa.n-*. 


FOOTNOTE  ‘.  Values  at  a  temperature  of  298®.  15K.  and  for  the 

1  cv c:  lir.v  fuila'  -  at  a  icilir.q  print. 

2.  Values  at  temperature  cf  293°K,  and  for  low-boilint  fu=ls 
-  at  boiling  point.  ENDFCCTNOTE. 

Page  151. 

The  greatest  specific  impulse  (to  4800  N*s/lcg  [*480  )cg*s/lcg])  of 
all  ccnteopcrary  familiar  f uels/ptcpellants  provides  fuel/prcpellant 
liquid  oxygen  ♦  liquid  hydrogen  (Cj+Hj).  Are  developed  ZhRD,  which 
develop  on  the  fuel/propellant  indicated  thrust  to  1000  kN  [alOO  T]; 
in  the  USA  is  conducted  the  werk  cr  the  creation  ZhSD  with  the  thrust 
to  7000  kn  [»700  T].  In  spite  cf  the  low  dansity  of  f uel/propellant 
(ot«320  kq/m^)  its  use/application  for  ZhHD  of  upper  bccster 
stages  makes  it  possible  tc  significantly  increase  the  mass  cf 
payload. 


With  the  addition  cf  liquid  flucrine  intc  liquid  cxygen  in  a 
quantity  to  5o/o  all  fuels/p copellants  on  the  basis  cf  liquid  oxygen 


! 


beccas  iqnitintj  spor-tancc usl y, 

Viith  refuellirg  Cj  +  Hj  by  f u€l/prop“llant  (7Cc/c  O2<-30c/c 
F2)^H2  specific  jrt  firirg  is  increased.  Mijcture  02  +  F2  can  be  used 
with  UD1H,  kerosene  and  liquified  hydrocarbons  (methane,  ethane  and 

prcpar.'-. ;  . 

Fual s/ p rcne Hants  cn  the  basis  of  peroxide  cf  hydrogen.  Ptrcxide 
of  hydrogen  was  used  extensively  as  the  oxidi2er  in  ZhPD  during  the 
Second  World  War. 

However,  in  that  period  peroxide  of  hydrogen  was  used  in  the 
form  cf  80c/c  aqueous  solution,  which  decreased  the  heating  power  cf 
fue 1/ propellant.  In  proportion  to  the  development  of  the  methcds  of 
stabilization  of  peroxide  cf  hydrogen  appeared  the  possibility  to 
increase  its  ccncentraticn  to  9Cc/c,  and  in  certain  cases  tc  98c/o. 

Fuels/prcpellants  cn  the  basis  of  highly  concentrated  peroxide 
of  hydrogen  are  not  inferior  to  f ueis/propellants  on  the  basis  of 
nitric  acid  on  the  density  and  at  the  same  time  provide  somewhat 
larger  specific  impulse  at  a  substantially  smaller  combustion 
temperature.  By  the  additional  advantage  before  the  nitric  acid  and 
oxidizers  on  its  basis  is  the  smaller  corrosiveness  of  peroxide  of 
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Most  ;s  used  ^xtensiv-aly  f  uPl/frop®llar.t  HgOj  ♦■kercsene ;  aor® 
rarply  thpy  use;  HgOj+'OCMH,  H2C2«'NH3  and  H202*N2H*.  Concentration 
H202  in  all  fuols/propellants  indicated  is  equal  to  90o/o.  To  a 
number  of  advanced  propellants  on  the  basis  of  peroxide  of  hydrogen 
relate  2-"^  “sceci-ally  H2r2'*-nsi-i  9.  Tb*  i ’•■per  tar.t  ’’.vantage  cf 

latter/last  fuel/propfellar.t  is  the  fact  that  it  ccr.sists  or  the 
high-boiling  components. 

Fuels/propellants  on  the  basis  of  nitric  acid.  The  heating  power 
of  such  f U2 Is/prcpellant s  is  less  than  the  heating  power  of 
fuels/propellants  on  the  basis  cf  liquid  oxygen,  but  in  contrast  to 
the  latter  they  possess  high  density  and  can  long  time  be  stored  in 
the  completely  charged/filled  rccket. 

Nitric  acid  of  lOOo/c  concentration  is  unstable  product. 
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Table  10.5.  Theoretical  characteristics  of  some  bipropella.nt  s  [  ' 

(/7k  =-68. 946.  of  bar  [  63.  046  phys,  ats.  1;  /7c»'l.oi3  bar  [1  phys.  at.  ]; 

»^*nnT: /’A=;’3:  equilibriuo  expansion). 


7^^ 

[5^ 

(3^  OKtICJIHTejIb  ^ 

XapaKTe- 

pnCTHKa 

r  opioqee 

O5 

H5O, 

HNO.1 

N2O4 

P 

F2 

OF1 

* 

GIF-, 

CIF3 

N;F, 

rio-;,F 

Hj 

4.00 

7.33 

6,14 

5,25 

8.09 

5.67 

1 1  ,50 

11,50 

11.50 

6.14 

7. 

NjH4 

0,92 

2,03 

1,50 

1,33 

2.37 

1,50 

2,71 

2,70 

3,25 

1.50 

HAMf 

1,70 

4,26 

3.00 

2,57 

2,45 

2.69 

2,85 

3.00 

3,17 

2.70 

B5H9 

2.12 

2,23 

3,00 

3,00 

4,56 

4,00 

6,69 

7,33 

6,69 

3,76 

Hj 

284 

435 

393 

353 

468 

375 

605 

616 

517 

403 

Or  . 

KZ  liT 

N,H4 

1065 

1261 

1254 

1217 

1314 

1263 

1458 

1105 

1327 

HflMP 

976 

1244 

1223 

1214 

1325 

1381 

1028 

1288 

B:.H9 

897 

1021 

1107 

1084 

1199 

1179 

1413 

1493 

1027 

1239 

H, 

2977 

2419 

2474 

3547 

3705 

3434 

.3814 

300.3 

NjH4 

3406 

2927 

3021 

4047 

4157 

3901 

4481 

3467 

•K 

HilMr 

3608 

3008 

3147 

3415 

4493 

4003 

3799 

4226 

3657 

B5H9 

4160 

2969 

3588 

3913 

5009 

4656 

4447 

4840 

4242 

H, 

1,232 

1 ,247 

1,258 

1,260 

1,237 

- 

1.239 

1 ,260 

1  ,061 

1,259 

1 .253 

«P 

N2H4 

1.164 

1,187 

1,199 

1,191 

1,177 

1,166 

1 ,220 

1.237 

1,061 

1  ,180 

H;iMr 

1,144 

1,160 

1,172 

1,166 

1,149 

1.167 

1 .189 

1,198 

1.186 

1,171 

BjH, 

1,111 

1,112 

1,128 

1,121 

1,150 

1,136 

1,1,50 

1,152 

1,155 

1.125 

one  = 


PAGE 


3  (to 

H'CeK 

Hi 

N5H4 

HJiMr 

85H, 

2431.1 

1890.7 

1856.4 

1894.6 

2011.3 

1753.4 
1714,2 
1832,9 

2001,5 

1714,2 

1654.4 

1753.4 

2134.9 

1779.9 
1725,0 

1781.9 

2553.7 
2212,4 

2087.8 
2175, 1 

2562 .5 
2091  .8 
2136,0 
216.5,3 

2145,7 

1928,0 

1826.0 

1859,3 

2022, 1 

1827,0 

ir26,0 

175 1 ,5 

20.56.4 

1959.4 
2013,3 

21.53,5 

i794.6 

1754,4 

1784.8 

Kt 

H, 

3835.4 

3161.7 

31.35,2 

.3341 ,1 

4038,4 

40.12,3 

3.36.3,7 

314.5,0 

.3564,7 

.3373,5 

1  ^1.3 

N,H4 

log 

2813,5 

2854,7 

3573,5 

.3.392  1 

.3059.7 

2889,0 

,3282,3 

2895,9 

H/iMr 

IBI 

2782.1 

2671,3 

2796,9 

.3411 .7 

3453.9 

2925,. 1 

27.59,6 

.3147  9 

2810,0 

B-H, 

3135,2 

3031,2 

2935,1 

.•1539.2 

.3546,1 

.3026,3 

2846,9 

3275,4 

293,5 . 1 

n. 

1471  .8 

3675.0 

,36.36,3 

3872.6 

4683.7 

4690,.') 

3887,4 

.T)20.'. 

1118.8 

.3909.9 

^y  i  .n 

N,H, 

1625 . 5 

3310,7 

3210,7 

3353.8 

4210.0 

4009,9 

.3567.7 

3.3.52.9 

.38'27,5 

3406.8 

HAMf 

3610,8 

3294,1 

3 133 .8 

3304,8 

4050.1 

4085.5 

.3441 ,2 

.12.39,  1 

3096, 1 

3351,9 

B-,H, 

3777 ,5 

.3659.8 

3454.9 

3526,5 

4224,7 

4248,2 

.3616,7 

3402 .9 

3899,1 

.3525 , 5 

Key:  (1).  Characteristic.  (2).  ccafcustible.  (3).  Oxidizer.  (4) 
Icg/m^.  (5).  N*s/hg. 
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Therefore  in  ZhSD  use  the  concent reteci  nitric  acid,  which  contains 
about  2c/o  H jO  and  0.5o/c  of  cxides  cf  nitrogen  NO2  (this  acid  is 
-'ill?-:  W-i*':  fucir.j},  or  th"  sclutim  cr  co  iicent  r  1  '  ici  ;  1 

r.itrcgar.  tetrcxide  JJ2C4  (this  scluticn  is  calls’,  the  ri:  i;:;ng 
acid).  Latter/last  cxidirer  is  icre  effective.  7h=-  *:  uel  /  pro  r  e  llant 
its  rasis,  which  uses  ODMH  as  the  fuel,  is  the  exanple  of  th= 
igniting  spontaneously  stcratle  prcpellants  with  gccc  contrcl 
characteristics  and  steady-state  burning. 

However,  fuels/prope Hants  cn  the  basis  cf  nitric  acid  in 
essence  are  displaced  by  fue Is/ prcpellan ts  cn  the  basis  of  nitrogen 
tetrexide, 

Fuels/prcpellants  on  the  basis  of  nitrogen  tetrexide.  nest  use 
extensively,  including  if  necessary  fer  prolonged  storage, 
fuel/propellant  N204+N2H4,  N2C4*MnG  and  especially  N2O4>aercsine-50 
and  N2O4-UDMH.  They  are  semewhat  inferior  to  fuel/pr cpellant 
02«-k6rosenF  on  the  developed  with  engine  specific  impulse,  hut  they 
exceed  it  cn  the  density. 
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Fus^ls/p  rcptllants  N2C,  +  atrcsir6-50  and  N^O^^du.'ir  sak-e  it 
pcssibls  tc  create  reliably  working  Zh?.D  with  the  high  specific 
impulse  and  with  the  very  high  thrust  in  cne  chaniher/caTiera. 
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Page  154. 


For  the  engines  with  the  relatively  snail  thrust  are  used 
::  I'/c  rc  pt  Hants  '!2  »  and  i;  2C  0  ;  the  b-st  st.-r-? 

properties  possesses  latter  cf  fuel/pro  pell \r.t . 


‘  i  r.  c  r.  *  ^ 


Fuel/propellant  on  the  hasis  cf  fluorine.  Liquid  flucrine  it  is 
mcst  expedient  to  use  paired  with  such  fuels  as  ammcnia,  hydrazine, 
pentaborane  and  especially  liquid  hydrogen,  fuel/propellant  F2+H2 
exceeds  to  4-5o/o  on  the  lass  specific  impulse,  developed  with 

engine,  and  on  70o/o  on  density  specific  impulse,  and  also  cn  the 
density  (to  55o/o) .  It  is  most  cseful  for  Zhac  of  upper  booster 
stages  and  fcr  ZhRD  cf  space  vehicles  with  the  relatively  shcrt 
flight  time  and  large  necessary  tctal  im pulse/moment um/c ulse  [1]. 

Fuel  shortages  include; 


1)  the  high  temperature  of  ccmbusticn  products,  which 
complicates  cooling  chamter/caraera ; 


2)  the  high  cost/value  cf  flucrine; 
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3)  the  large  toxicity  cf  flucrice  and  cenbastion  products  (HF)  . 

The  high  values  of  the  density  specific  impulse#  developed  with 
engine  during  the  utili2ation  of  f usls/prcpellants  cn  the  basis  cf 

fluorine,  can  he  fudged  from  giver  b'lc^  taole  10.7. 

For  ZhSD  of  space  vehicles  is  pcssible  the  use/appl icaticn  of 
the  f uels/propellants;  Fa+NH^,  F2«N2H*,  F2'*-“.'1G,  Fj^-CH*,  F2  +  32Hft,  etc 

Fuels/propellants  on  the  basis  of  the  f luorine-tear ing 
oxidizers.  Oxide  of  fluorine  OF2  it  is  expedient  to  use  paired  with 
liquid  hydrogen,  ODMH,  MMG,  hydrazine,  ammonia  and  methane.  For  Zh?D 
of  space  vehicles  is  possible  the  utilization  of  fuel/propellant 
OF2  +  B2H6. 
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Xabls  10,6,  Characteristics  or  the  inf  la  in  sat  icn  cf  seme 
fuels/p  rope  Hants. 


9-)  OKMC.lHTe.lb 
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H 
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CoHrOH 
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H 

c 

c 

oOte,  N'  -  iacosbust  ifcle  fuels/crope  Hants;  S 


K  -  iuels/propellants,  which  ignite  spontaneously 
catalyst. 


-  hypergclic  fuels 
in  the  presence  of 


Key:  (1),  Oxidizer.  (1).  Combustible, 

Page  155. 

The  mass  and  density  specific  impulses  of  the  engines,  which  use 
fuels/propellants  on  the  basis  cf  fluorine  oxide,  are  more  than  the 
analogous  parameters  of  ZhPD,  which  worh  on  the  fuels/propellants  on 
the  basis  cf  liquid  oxygen.  All  fuels/propellants  on  the  basis  of 
fluorine  oxide  are  igniting  spontaneously  and  possess,  with  exceptio 
of  fuel/propellant  0F2+H2,  a  cemparative ly  high  density. 
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Due  ro 
cases  it  is 
inferior  to 


the  high  ccst/value  cf  fluorine 
expedient  tc  use  lixture 
it  on  the  ef f e ctive ress. 


oxide  in  a  number  of 
which  is  only  a  little 


As  the  igniting  spontaneously  storable  propellants  very  advanced 
propellants  C1F3>V2H4  and  especially  ClF^+'-i.;,.  One  of  the 
difficulties,  which  appear  durirg  tha  utili  ,:a  tion  cf  fucl/prcpellant 
ClFs+MzH^,  is  the  formaticn  ct  solid  pracipitaticn  on  internal 
surface  cf  chamber  wall. 


Highly  efficient  is  f uel/propellant  arFj^BsH^;  its  density  is 
equal  to  1990  icg/m^.  Volumetric  jet  firing,  which  works  on  similar  cf 
fuel/propellant,  when  Pk=68.7  tar  [7C  kgf/cmZ]  and  pc  =0.901  bar  [1 
kgf/cm'2  ],  squilibrium  expansicn  and  optimal  coefficient  x  is  equal 
to  4.81  N»s/m3  [  489  kgf»s/l]. 

To  a  number  of  effective  ones  relate  the  f uels/propellants  on 
the  basis  cf  trifluoride  cf  nitrogen  NFj  and  especially 
tfetrafluorinehydrazine  N2F4  with  the  utilization  of  hydrazine, 
pentaborane  and  liquid  hydrogen  as  the  fuels.  However,  the 
use/application  cf  tetraf lucrinehydrazine  impedes  its  high 
cost/value, 

§10.6.  Selection  of  the  optimal  excess  oxidant  ratio  a„K 
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After  the  selscticn  c£  ccmfcnerts  is  ii5si>^n.i3d  tha  o 
of  the  fuel  coniponent  ratio  j<  cr  ccefficient  ook.  During 
calculations  indicated  find  iraxiniuai  expressions  /yahgj. 


•  lit 
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Table  10.7,  The  density  speciiic  ispulsa  cf  o/.y  j'-n  ar.i  flucrilv=  Zh-D 
at  the  level  of  sea  (p«=.66,7  bat  [6c  k^f/ca^];  /rc=o,38l  bar  [1  kgf/cx^]; 
^  =  '*-OnTi  =qui librium  expansicr.)  . 


(  I  )  OKHC.TMTe.'lb 


r  opioMee 

c 

_ ^ 

'*> 

1  F" 

/v. 

HCBK 

r 

KI  CeK 

^  H.  Ct  V 

!  J: 

A 

Hi 

1,069 

109 

1 .8.34 

167 

NHj 

2,569 

262 

4,119 

420 

N,H4 

3,258 

335 

4,678 

477 

Key:  (1),  oxidizer,  (2),  Comtustitle.  (J),  N^s/a^.  (4),  Kgf*E/l. 

Page  156. 

Specific  jet  firing  and  density  of  f uel/prcpallant  depend  on 
coefficient  Ook.  i.  e.  /„/k-/(aoH)  and  (?T=/(aoR). 

Specific  impulse  has  the  great  value  with  the  excess  of  fuel, 
i.e.,  when  aoK<I,  but  not  with  the  stoichiometric  relationship/ratio 
of  propellant  components,  in  connection  with  the  fact  that  with  the 
excess  of  fuel  in  composition  of  combustion  products  is  increased  the 
content  of  gases  with  the  low  molecular  weight  (CO,  Hg,  etc.)  in 
comparison  with  the  content  of  gases  with  the  increased  molecular 
weight  (COj, 


HjO,  etc,),  Furthericre,  when  OokO  descends  the 
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ill 


teaperature  cf  comfcustiCE  products,  which  Isads  to  tht  decr<;ase  of 
the  expenditures  ot  the  chemical  energy  of  fuel/propellant  fcr 
disscciaticn ,  Simultaneously  is  facilitated  ccoling  the 
chamber/camera:  by  high  fuel  ccnsumption  to  mcro  easily  ccol  the 
chamber/cam era  in  which  icrecvei,  the  combustion  products  have  a 
rf-uuc-i  t?  cprrat  ur~. . 


with  »v.  increase  of  the  temperature  of  ccmbusticn  products  the 
value  of  cc=>fficient  qok.  with  which  is  provided  the  maximuip  cf 
specific  impulse,  it  is  decreased. 

Usually  the  density  cf  oxidizer  is  more  than  the  density  of 
fuel,  i.e.,  CoK>er.  Therefore  with  the  decrease  of  coefficients  Ook 
and  X  the  density  of  f uel/prcpellant  Ot  is  decreased. 

As  a  result  of  the  density  effect  of  f uel/propellant  the  value 
cf  ccefficient  Ook.  at  which  reaches  the  maximum  of  the  characteristic 
velocity  of  rocket  vehicle,  is  displaced  from  the  value  of 
ccefficient  Oo..  correspcnding  tc  maximum  specific  impulse,  tc  the 
side  of  smaller  values. 


The  optimum  values  cf  coefficients  Oor  and  x  depend  alsc  on  the 
expansion  ratio  of  gas  ec-  Fcr  the  chamber/camera  with  the  high 
expansion  ratio  of  gas  OoKonr-*-!  (usually  aox,onT*'0. 95=0.98)  as  a 

I 

i 
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result  of  the  more  complete  ccutse  cf  the  reactions  cf  reco ratinatic r. . 
Table  10,8  gives  the  values  c£  coefficient  x  used  for  seme 
fuels/prcoe  Hants  of  2h9D. 
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Table  10.8.  Values  of  ccefficaect  *  for  soae  f  uei^/oro  o-ri  1  a..- s , 
uLilized  in  ZhRO. 


f '1  TonJiHso 

X 

OKHtiMTejIb 

ropio*i6e 

0, 

A 

KepocHH 

4.50—5.50 

0; 

2,20—2.38 

Oj 

NHj 

1,25 

Fi 

Hj 

8,00—12.00; 

NjO, 

H,N-NH(CH,) 

1,64—2,54  1 

NVO, 

>'A  ?pO3HH-o0 

1,50—2,00  1 

TOKepocHH 
H,0,  P 

1 

8.2 

Kay:  (1).  Fuel/propellant.  (2).  oxidizer.  (3),  combustible.  (9). 
Kerosene.  (5).  Aerozlne. 


Page  157, 


§10.7.  one-coaponent  liquid  propellants. 


most  widely  as  the  ncnopropellant  ZhRD  are  used  peroxide  of 
hydrogen  and  hydrazine,  which  are  the  substances,  capable  of  being 
daccmposed/expanded  in  the  presence  of  catalyst  with  the  liberation 
of  heat. 


The  highly  concentrated  (90-g8c/o)  aqueous  solution  of  peroxide 
of  hydrogen  during  the  utilization  as  the  noncpropellant  provides 
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specific  impulse  of  2h?. C  150C-19CC  N»s/ng  [  r."' 1 9  0  Xjf»s/ky',  in 
this  case  the  temperature  cf  steaa  jas  in  the  chair.be r/car  rra  of 
decomposition  composes  t7^-125G<^K.  During  rhe  large  expansion  of  th' 
deccffi positi on  products  cf  percxide  cf  hydrogen  in  the  nozzle  cf 
chamber/cam era  water  vapcrs  are  ccrdensed,  which  causes  certain 
r P  d uc ti cn/d e see nt  in  the  s^rcinic  ■'en  fir' nr. 

Hydrazine  is  mere  effective  mcnc pro  pel  land  than  percxide  cf 
hydregen.  It  is  decompesed/e x pa rded  during  the  heating  to  75C°K, 
forming  the  gaseous  products  KH3,  K2  and  (during  the  complete 
decomposition  only  and  ^2) . 

The  decomposition  products  of  hydrazine  have  sufficiently  high 
temperature  (to  14750K)  ,  lew  molecular  weight  and  they  are  net 
inclined  to  the  cendensation .  Hydrazine  provides  obtaining  specific 
jet  firing  2200-2400  n«s/kg  [-220-240  !cgf*s/kg]. 

One-ccinponent  ZhPD,  which  werk  on  peroxide  of  hydrogen  or 
hydrazine,  possess  smaller  specific  impulse,  but  the  reliability  of 
the  operation  their  higher  than  twc-ccmponent  ones.  Therefore 
peroxide  of  hydrogen  or  hydrazine  usually  is  used  as  the 
fuel/propellant  for  auxiliary  ZhFC  with  the  lew  thrusts,  including 
for  the  satellites  and  hydrazine  braking  ZhRD  with  multiplying  and 
controllable  thrust  for  the  soft  landing  on  Mars  of  KA, 
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de veioped/pcocessed  in  the  USA  [V. 

With  the  addition  of  nitric  acid  or  nitrate  of  hydrazine  N2i55N03 
(componcrt  with  the  oxidative  properties)  into  hydrazine  is  raised 
specific  jst  firing  and  density  cf  fuel/pro pellant,  and  alsc  descends 
rr  =  fzing  print  (frr  c-xaipl^,  tc  2'^'^:'  •rth  adii'-icn  I  Jo/o 

S2H5NO3  throughout  the  mass). 

The  sicncprcpeld. ant ,  representing  !!\ixtare  7Sc/o  N2H»,  24o/c 
N2dsN03  and  I0/C  K2O,  provides  specific  jt^t  firing  tc  2600  r.*s/!cg 
[t260  Kgf*s/kg]  and  the  density  cf  1110  kg/in^,  i.e.,  in  the  energy 
characteristics  it  approaches  average-energy  bipropellants  of  the 
type  N2 O4 ea erczine-50. 

Table  10.9  gives  values  Tk  and  /^an  foe  ZhPD,  which  wetk  on 
different  monoprcpellants  [  1  ], 

In  one-component  ZhED  are  possible  the  utilization  of  ether 
fuels/propellants,  including  cf  amnicnia,  UDWH,  isoprcpylnitrate 
(CH3)  2CHONO2,  etc. 

The  products  of  deccrapositicc  cf  hydrazine,  peroxides  cf 
hydrogen  and  DDMH  use  alsc  as  the  gaseous  working  medium/propellant 
of  turbine  in  twc-compcnent  ZhRD  with  the  pump  feed. 
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Page  153, 

^10,3.  The  ccmbustiblG  and  three-ccirponant  f uels/propallanhs 
ccntaining  netal. 

One  of  the  diricticr.s  of  an  increase  ir.  tho  specific  irpulse  cf 
3hPD  and  th‘=  density  cf  £  ue  l/rr  cpe  1  lant  is  the  utilization  cf  •aetals 
(Li,  De,  Al ,  ?lg)  ,  their  hydrides  (LiH,  BeHj,  etc.),  and  alsc  boron. 
It  is  possible  to  use  then:: 

a)  in  the  form  of  suspension  or  colloidal  solution  of  metal  in 
the  fuel; 

t)  in  the  form  of  the  third  component,  stored  in  the  separate 
tank  and  supplied  to  the  chamte t/camera  on  the  separate  main. 

For  each  f uol/pr cpellant  should  be  selected  the  type  of  aetal 
and  its  optimal  content,  for  example,  into  the  fuels/propellants 
it  is  expedient  to  add  beryllium,  and  into  fuel/propellant 
-  lithium.  The  relationship/ratio  cf  the  constituent  elements 


of  fuels/propellants  ard  is  expedient  to  select  by 

such  so  that  the  chemical  reaction  would  occur  between  the  oxidizer 
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(^zr  ^z)  and  the  matal  (E'^/  ii)  »  and  nyiroj'n  wds  ds  f r 

working  body,  which  lowers  the  aclecular  cf  thi  jds=;s,  w;iich 

sscape  frcir  the  nozzle-. 

Instead  cf  the  fuel/propellant  F2*Li+H2  it  is  possible  to  use 

f  Ui  Is/p  rc  pr  1  lar.  1 3  F  ^ -t-li  !->H2  :  lifl-i';"  dy— vaporines  than 

lithium. 

After  the  development  of  the  !r«thods  cf  stabilization  cf  li.gui 
ozone  by  most  powerf ul/thichest  cheiical  fuel/propellant  it  will  be 
probably,  fuel/propellant  03*Ee*H2. 

The  use/application  cf  fuels/propellants  with  the  fuel 
containing  metal  impedes  the  following. 
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Table  10.9.  Scae  character  istics  ct  Zh?.D,  that  «orK  cn  the 


moncpro  pellaats. 


SepXHee  jua* 
;  ^cMiie  Tew- 

1 

! 

npi'i  Pk=9,S'.  6ap 
[iO  Kr:CM^[ 

Ton-iHBO 

neparyphi 
TepMHMeCKO# 
CTa6H;ibHO- 
CTM  j 

•“  i 

1 

\o  ^ 

K  CeK'KZ 

kF  CtKlKi 

1 

_  ' 

i  ■  50  ■ 

;765 

iSO  i 

9‘!\-wni  ri;Oj  ■ 

3S3 

ISQU-'  1 

;93^ 

i 

1 

1 

533 

1345**’-'  [ 

2423"''  i 

347*»“ 

1  N.H4  (75<'„)-\.H5N0, 
j(24%j +H5O  (i»;)  '1 

•49: 

!6i5^'  ' 

3569**^  ' 

352«-i-' 

1 

K£  y  ;  1 

[1) .  Fuel/propellant. 

(2).  Upper  value  cf  temperature 

cf  thermal 

stability.  (3).  with 

.  (4) ,  tar.  (5) 

.  k.gf/cmz.  (6)  . 

n«s/kg. 

(7). 

kgf •s/kg. 


FOOTNOTE  The  values  are  given  taking  into  account  to  the 
ccndensaticn  cf  water  vapcrs  during  the  action  along  the  nozzle. 


z.  Values  are  given  fcr  ccndition  that  i*0o/c  of  fcraed 
ammonia  are  decomposed/expanded  ante  nitrogen  and  hydrogen. 


ENDPOCTNOTE 
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1.  Difficulties  cf  mixing  cf  pcwderad  metal  and  liquid  fuels, 
especially  crycgeric. 

2.  particles  wi-:-.  trarspcrt  and  in  process  ri  prclor.;'d 
stcraqe  are  settled.  It  is  pcssitle  tc  nix  fuel  with  tn^  :-:i.'.arei 
metal  directly  cr.  the  launching  site;  however,  in  this  case  appear 
large  operational  inccn veniences.  Particles  are  settled  to  a  lesser 
degree  with  an  increase  in  visccs it y/duc tilit y/tough ness  and  density 
of  fuel  (for  example,  with  the  addition  of  wax  or  paraffin),  and  also 
with  the  decrease  of  the  sizes  cf  the  particles  of  the  metal  (to  1-40 

MB')  . 


3.  Production  of  powdered  metal,  which  especially  contain 
beryllium  (i.e.  powders  Ee  and  EeKz) ,  is  characterized  by  ccuplexity 
and  high  costs.  Furthermore,  powders  Be  and  BeHj  it  possesses  high 
toxicity,  which  excludes  the  pcssibility  cf  their  use/application  as 
the  additions  to  the  fuel  for  the  first-stage  engines  cf  carrier 
rockets. 

4,  During  the  supplying  cf  fuel  containing  metal  into 


cl ambar/camera  is  possible  soiling  injectors.  Definite  difficulties 
CiUses  the  organization  cf  the  ccutustion  of  metallic  particles. 
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During  th?  utilizaticn  cf  a  thr«^c-conpcn snt  f  us  1/propel  lar.t  th  = 
netal  nan  be  supplied  into  chamber/raiasra  in  tha  aclten  form,  for 

example,  by  the  compressed  inert  gas.  During  testing  of  the 
experimental  chamber/camera,  which  works  on  the  three-component  of 
f 'It  l/rrcp«l  lent  '«i*'h  ccnt-nt  ct  ia-12o/.',  Li,  is  cbtair.fi  th^ 

specific  impulse  in  ths  vacuum  cf  mere  -har.  5C0J  r.»s/.<g  [s5GC 
kgf«s/kg  [1].  Metal  car.  he  intrcduce.i  into  the  cham  ter/camera  on  the 
separate  nain  and  it  is  direct,  in  the  form  cf  finely  dispersed 
pewder,  which  however,  is  connected  with  the  great  difficulties. 

The  shortcomings  of  2hRD,  which  use  a  three-component 
f ue  1/propallant ,  include  the  ccnrplexity  of  their  construction/design 
and  changing  the  operating  mode. 

The  use/application  cf  the  ccntustible  and  three-cempenent 
fuels/propellants  containing  metal  leads  to  an  increase  of  the  heat 
fluxes  intc  the  chamber  walls,  which  complicates  its  cooling  and 
raises  requirements  for  the  structural  materials.  ZhRD,  which  work  on 
such  fuels/prcpellants,  it  is  mest  expedient  to  use  for  the  space 
vehicles  and  the  latter/last  tccster  stages. 
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Pa^8  loO. 

Chapter  XI. 

HEAT  TRANSFER  AND  COOLING  CP  ZhFC. 

§n.i.  Trar.siTiissioTi  modes  of  heat  flaxes. 

With  the  work  of  the  majority  of  the  rocket  engines  cf  the  wall 
of  their  chambers/cameras  they  receive  a  significant  quantity  of  heat 
from  the  products  of  ccmbusticn  cr  decomposition  of  the  components  of 
propellant  or  products  cf  heaticg  working  medium/prcpellant.  For  the 
safeguard  of  reliable  chamber  operation  and  engine  as  a  whole  it  is 
necessary  to  abstract/remc ve  the  heat  indicated  tc  those  cr  in 
another  manner. 

The  transfer  of  the  heat  (it  they  call  also  heat  transfer) 
quantitatively  determines  the  values  of  heat  flux  and  heat  transfer 
rate. 

Heat  flux  is  called  the  energy  content,  transmitted  in  the  form 
of  heat  per  unit  time  through  any  surface  of  F.  Heat  flux  measures  in 
the  watts  [J/s;  kcal/s  ]  and  they  designate  by  letter  Q. 
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h2<it  transfer  rate  (cr 
flux,  per  unit  surface  area, 
heat-transf er  intensity;  it 


Heat  transfer  ratr-  has 


heat-flux  density)  is  called  the  heat 
heat  transfer  rate  characterizes 
they  designate  by  letter  g.  Consequently, 

(11.  n 

a  c  it. -5' sic  r.  «/n2  [.:/;?  *7  2);  x  ca  1  /  h  •  c  2  i . 


Most  heat-stressed  is  the  area  cf  nozzle  threat.  For  some  types 
of  ZhRD  heat  transfer  rate  in  the  cross  section  indicated  reaches 
70«10®  W/m2  [60,2*106  kcal/h-B^)  ]. 


Haat  fluxes  can  be  transmitted  by  convection,  thermal  radiation 
and  thermal  conductivity  cf  medius  (substance)  » , 


FOOTNOTE  1.  For  greater  detail,  see  [17]  and  [18],  ENDFOCTNOTE. 

Spe  cific  convection  current  designate  ‘tma,  and  radiant  (or 
radiation)  -  q^ 

The  relative  value  cf  convective  and  radiant  fluxes  in  different 
types  of  rocket  engines  is  tc  a  considerable  extent  dissimilar. 


In  the  chambers/cametas  cf  ZhFC  with  the  coolant  passage  the 
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oasic  form  of  heat  transfer  ate  convective  heat  fluxes  froK  the 
coaibustion  prccucts  tc  the  internal  chamber  wall  and  from  it  to  the 
ccclant  (propellant  ccmpcner.t)  . 

Heat  transfer  by  thermal  radiation  in  ZhBD  has  noticeably 
3r.ali<=r  value.  However,  the  nozzles  of  the  c  h  ’ sr  s/car,  a  r  as  of  sct^- 
ZhRD  in  the  finite  segment  dc  net  have  the  ccclant  passage.  The 
thariral  condition  of  this  section  (nozzle)  of  nczzle  is  determined  by 
heat  transfer  from  the  cembustien  products  to  the  nozzle  liner  an-d  by. 
heat  transfer  by  radiaticn  frem  the  wall  into  the  surrounding  space 
and  to  the  combustion  products. 

For  YaHD  and  thermal  FPD  ate  characteristic  the  higher 
temperatures  of  gas,  than  for  the  chemical  engines.  Therefore  the 
rcle  cf  radiation/emission  in  YaRE  and  ETBD  noticeably 
increases/grows.  Furthermcre,  in  YaFD  the  convective  heat  exchange 
maices  the  complex  prcbltir  cf  the  tranch/remo val  cf  heat  from  the  fuel 
elements  to  the  working  medium/prcpellant . 

Page  161. 


Electrical  rocket  engines  are  characterized  by  the  very  low 
pressure  of  plasma  in  their  chamfcer/camera.  Therefore  the  convective 
heat  fluxes,  which  depend  on  the  gas  pressure  in  the  chamber/camera. 
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ara  also  lew  and  thr  thenal  cendition  of  thesa  engines  is  d efer oir. ad 
in  essence  by  radiant  fluxes  frcii  the  plasma  to  the  chamber  walls  and 
from  them  into  outer  space. 

§11.2.  Heat  transfer  by  ccnvecticn  path. 

L  =  r  us  examine  the  equaticr.s  acccriing  tc  which  it  is  possible 
tc  determine  specific  ccnvecticr.  current  from  the  gas  to  the  surfaca 
of  wall  and  from  the  wall  to  the  ccclant. 

Lat  us  introduce  the  following  designations  of  the  paraireters  of 
chamber/camera  with  the  coolant  passage: 

Tni.B  -  the  temperature  of  the  reduction  of  gas,  which  is 
determining  heat  transfer  frem  the  gas  to  the  wall; 

T'h.o  -  temperature  cf  the  heated  (receiving  heat)  surface  of 
internal  chamber  wall; 

To.a  ~  temperature  cf  the  ceded  (giving  up  heat)  surface  of 
internal  chamber  wall; 

Toj  -  temperature  cf  the  ccclant,  which  takes  place  through  the 


coolant  passage; 
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QtmuM  -  specific  ccnvective  heat  flux,  t  ransnit ta.i  froa  the  jas 
tc  is  heated  tha  surface  cf  ictercal  wall; 

<?oji  -  specific  convective  heat  flux,  transmitted  from  the 
ccolad  surface  of  :.r.*-«rral  wall  tc  th“  cccla-.'-; 

Oaji  ~  coefficient  cf  convective  heat  emission  from  the  -^as  tc 
the  heated  surface  cf  internal  wall; 

a«ji  -  coefficient  is  ccnvective  heat  transfer  from  the  cooled 
surface  of  internal  wall  tc  the  ccclant. 

The  coefficient  of  ccnvective  heat  emission  expresses  a  quantity 
of  heat,  transmitted  by  ccnvecticn  path  through  unity  of  surface  par 
unit  time  to  each  degree  cf  a  difference  in  the  temperatures  cf  wall 
and  gas  or  liquid;  this  ccefficiect  has  a  dimension 
H/ (ai2»(icg)  [  iccal/ (h»m*»deg)  ]. 

Therefore  specific  flow  <7kob.b  is  designed  from  the  equation 

?iKW.B='aB.a(7’r»a.» — T„a),  (11.2^ 

but  specific  flow  qo.a  -  according  tc  the  equation 

^11.3^ 


^o.n  —  ®i),ii(7'o,n  7'„). 
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Temperature  hat  less  than  tha  tin .n pararur  =  cf 

stagnation  of  gas,  since  the  part  cf  the  heat,  which  was  isolated 
during  braking  of  gas  in  the  ccurdary  lay®r,  is  abstracted/removed 
from  it  by  convection  path,  also,  because  of  the  thermal 
conduct ivit  y. 

All  difficulties  of  calculating  the  convective  heat  exchnr.;e  a 
reduced  to  the  determination  cf  heat-transfer  coefficients  a„n  and 


Page  162. 

They  are  designed,  using  a  dependence  between  the  dimensionless 
criteria  -  the  criteria  cf  Nusselt,  Reynolds  and  Prandtl: 

Nu  =  /(Re,  Pr).  (11-4) 

The  criteria  indicated  detenine  the  character  of  a  change  in 
the  rate  and  temperature  in  the  tcurdary  layer  which  to  a 
considerable  degree  influences  the  ccnvective  heat  exchange. 

Utilization  of  dependence  (11.4)  for  the  case  of  heat  exchange 
between  the  products  of  the  ccmtustion  of  chamber/camera  of  ZhRD  an 
its  wall  gives  the  following  formula  for  calculating  the 
heat-transfer  coefficient  oa.n: 
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wher?  Di  -  ccibination  cf  the  thetacphysical  properties  of  ccibusticr. 
products,  depending  cn  their  cccpcsiticn  and  temperature;  a  - 
d  imer.sicnle  ss  ccef  ficie  nt ,  ccnsidering  the  effect  of  a  change  in 
temperature  and  Kach  nuirter  cn  the  heigh t/a Iritude  of  boundary  layer; 
m  -  mass  flow  rate  per  second  cf  ccirbusticn  products;  d  -  diameter  of 

Coefficient  a.,,n  depends  cn  crcduct  pW  and  incraases/grcws  with 
its  increase.  This  is  explained  by  the  fact  that  with  an  increase  in 
gas  density  is  increased  a  quantity  cf  f racticns/particles  cf  gas  per 
unit  of  volume,  and  with  an  increase  in  the  gas  velocity 
increases/grows  a  quantity  of  its  particles,  which  pass  per  unit  time 
in  wall.  During  the  convective  heat  exchange  the  heat  is  transferred 
oy  particles,  Therefcre  with  an  increase  in  the  density  cf  gas  and 
its  rate  the  process  cf  beat  eitissicn  from  the  gas  to  the  wall 
becomes  more  intensively,  i.e.,  values  Ou  and  ^mu-  increase/grow. 
Product  p«  has  maximum  value  in  the  critical  cross  section  (see 
§4,5)  ;  consequently,  and  values  okb  and  also  are  maximum  in 

this  cross  section  (Fig.  11.1). 
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Page  1fi3, 

Utilization  of  depandencc  (11.4)  in  connection  with  heat 
exchange  between  the  wall  and  ccclant  at  the  hign  values  of  the  heat 
fluxes,  characteristic  fcr  the  chanters/cameras  of  ZhRD,  gives  the 
fcllowing  formula  fcr  calculating  the  coefficient  of  heat  emission  aoj: 

or  taking  into  account  eguaticn  (4,9) 

■fM  •  .  •  ' 

where  Qg  -  combination  cf  the  thermcphysical  properties  of  ccclant. 


depending  cn  the  type  of  coolant  and  its  temperature:  p  - 
coefficient,  which  calculates  a  change  in  the  thermophysical 
properties  of  coolant  cn  the  basis  cf  the  height/altitude  of  boundary 
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layer;  /noi,  eoi  ^ox  ~  ricw  rate  pii  s^ccr.'i,  ;-i'.sity  an’,  tha 

cate  cf  coDlaCit  respectively;  /o.t  -  area  cf  crocs  s-'cticn  cf  tho 
ccclar.t  passage;  dr^i  -  the  hydraulic  (a gui va lent)  diaE-iter  cf  th^ 
ccclant  passage,  determined  accerding  to  the  equation 


lit  us  acerpt  ?  -  th*  ccrrpl’r./-  =)  jir-.r.  cf  t ccclar.t 

passage , 

§11.3.  Heat  transfer  by  radiaticn. 

Solid  bodies  radiate  the  waves  cf  all  lengths  from  x=0  to  X=-, 
i.e.,  their  radiation/emissicn  is  characterized  by  continuous 
spectrum. 

Gases  radiate  and  atscrfc  electromagnetic  energy  only  in  the 
specific  wavelength  ranges  AX,  i.e.,  radiation/emission  and  gas 
absorption  is  characterized  by  the  sc-callad  line  spectrum.  This 
radiation/amission  and  atsorpticn  are  called  selective,  or  selective. 
The  simpler  the  structure  cf  molecule  or  atom,  the  mere  brightly 
expressed  the  linear  structure  cf  radiation  spectrum,  and  the 
necessary  the  account  of  this  structure  of  spectrum  during 
calculation  of  radiation/emissicn. 

Salective  radiaticn  is  entirely  specific  to  the  working 


gases  -  to  ce-siiir.,  to  lithi'irr.,  to  argcr.  ar.'i  sc  for^h ;  calculation  cf 
thair  radiation /-cissicn  is  ve-ry  ditficult.  Hcwsviar,  carriai  cut 
calculations  sn.cw  sharp  increase  cf  radiant  fluxes  with  an 

increase  in  the  temperature  ct  gases. 

Frjo.  the  cases,  entering  cc- p  csitis  n  of  co:;  hus' icn  procurts  cf 
chemical  f  ue  Is/prc  p>»l  la  rt  s ,  to  the  greatest  degree  racfat?  and  absorb 
energy  the  polyatomic  gases,  which  have  the  u nsymmet ric  structure  or 
molecule,  first  cf  all  the  water  vapor  HjO  and  carbon  dioxide  CO2. 
tha  radiating  and  absorptive  power  cf  mono-  and  diatomic  gases  cdn  be 
disregarded/negl acted. 

Solid  bodies  usually  radiate  and  absorb  energy  by  surface,  and 
gases  -  by  entire  voluire,  Thersfcre  the  radiating  and  absorptiva 
power  of  the  gases,  which  contain  HjO  and  CO2,  determines  not  only 
the  temperature  of  gas  and  partial  pressures  HzO  and  COj,  but  also 
the  combustion  chamber  configuration;  the  latter,  in  turn, 
characterizes  the  mean  pathlengtb  cf  ray/baam  1. 
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The  radiaticn/emissicn  of  water  vapor  and  carbon  dioxide  is 
subordinated  with  some  assumpticrs  to  the  Stefan-Boltzmann  law;  for 
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calculating  the  radiant  thermal  flux  from  them  to  the  chamber  wall  it 
i£  possible  to  use  the  eguaticr. 


Qa  =cr  a 


where  ecT.a  -  effective 
internal  chamber  wall; 


e  ffissi vity 


f actcr 


,11.8) 

of  th=  heated  surface  of 


vm  and  -  emissivi*’/  factor  of  gas  respectively  at 

t  e  p«  ra  t  ur=  s  a  r  d  7,, 

Cq  -  radiation  coefficient  of  absolutely  olack  solid  body,  equal 
to  5,67  W/(m2«deg)')  [4.96  kcal/ (h«ir2«deg*)  ]. 

Value  eoT.3  depends  on  ettissivity  factor  of  wall  and  gas  (e„  and 
Eras  respectively).  Values  fct.  definable  by  material  of  wall  and  by 
the  state  cf  its  heated  surface,  take  from  tatlo  [  17], 

Value  Eras  fcT  the  ccmbusticr  products,  which  contain  water 
vapcr  and  carbon  dioxide,  is  equal  to 

erM  =  *H.O  — *C0,~*H,0*C0,.  (11*9) 

The  presence  of  latter/last  term  in  equation  (11.9)  is  explained  by 
partial  mutual  radiation  absorption  HjO  and  CCj, 

Values  EH.o  and  eco.  depend  cn  the  temperature  cf  gas  and  on  the 
product  of  its  partial  pressure  on  the  mean  pathlength  of  ray/beam  1, 
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wniie  value  m.o.  furthermore,  frca  the  pressure  of  conbusticn 
products  pz.  Fcr  determir aticr.  fh.o  and  fco,  are  used  special  graphs 
[  17]. 

The  distribution  of  specific  radiant  thersal  fluxes  along 

the  i'~. 't'"  cf  e  r /c  a  T  =  r  a  is  shewn  in  ri  :  .  ^  1 .  ;  tniy  ars  Ta/.i";n 

ir.  t.ne  .:ci:u3tior.  chamber,  since  in  it  a  pressure  (ani,  cense  pu-n:l  y , 
value  ;?H,o  and  pcoj  and  texperature  fr^j  have  the  greatest  values. 

raking  into  account  the  degree  of  appr oxiaaticn  of  calculations 
of  radiation/enissicn,  cne  should  determine  value  p.i  only  fcr  the 
flow  core  in  the  combustion  chamber  (the  value  indicated  let  us 
designate  and  value  qn  in  ether  cross  sections  to  accept  the 

following: 

1)  it  is  direct  in  the  fire  bettom  of  the  head 

<7a  =  0.8  qa.K, 

2)  in  the  section,  remover!  at  a  distance  of  50-  100  mm  frem  th° 

fire  bottom  of  head  to  the  cress  section  of  the  tapering  portion  of 
the  nozzle  with  a  diameter  of  value  is  constant  and 

equal  to 


3)  in  the  critical  cress  section 


<7a™0,5^aR; 


1  - 
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4)  in  the  axpandir.g  s=ctict  ci  nozzl*  with  a  diamfeter  c£ 

5)  the  subsequent  cress  secticn  of  nozzle  with  dianeter 

HJt- 

Page  165, 


After  connecting  the  points  cf  smooth  curve  indicated,  we  will 
obtain  the  distribution  c£  the  radiant  thermal  flux  along  the 
chaaber/caoera. 

With  teaperature  of  the  combustion  products  c£  2000<’K  qa  it  is 
snail  in  conparison  with  specific  convection  current  Vkobji.  but  at  a 
temperature  of  combustion  prcducts  cf  3000-40C0®K  value  q^  can  reach 
30O/O  of  the  general/commcn/tctal  heat  flux  ir  the  wall. 

§11.4,  Heat  transfer  as  a  result  of  the  thermal  conductivity  cf 
material  of  wall. 

If  with  the  work  of  engine  with  those  or  by  another  method  to 
provide  a  difference  in  the  teoperatuces  of  the  surfaces  of  chamber 
wall,  the  heat  through  the  wall  is  transmitted  because  of  the  thermal 
conductivity  of  its  material.  In  this  case  heat  transfer  rate  is 
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detersiiaed  according  to  the  equation 

•CT 

wh?rs  6ct  *  ''all  thicl<r.«ss;  Xc*  -  coefficient  of  the  theraial 
conductivity  of  material  of  wall,  which  characterizes  its  ability 
conduct  heat. 

With  the  same  thickness  of  wall  Act  for  the  safeguard  of 

prescribed/assigned  flow  through  the  wall  the  necessary 

difference  ir  the  temperatures  of  wall  the  lass,  the  greater  the 

coefficient  Xn.  On  the  contrary,  with  low  coefficient  Xct  a 

differance  in  the  temperatures  cf  wall  T^jr-To^  can  be  sufficient 

large  on  the  thin  chamber  wall,  Fez  example,  with  moderate  heat 

transfer  rate  through  wall  g«»11,6«10*  H/m*  [10*10*  kcal/(h*n*)] 

differance  in  the  temperatures  cn  the  wall  with  a  thickness  cf  1  m 

made  of  the  stainless  steel  is  equal  to 

r  _r  ^t«T>cT_ll.6-10»-l  i0-»_5nn 

•’  23,3  ^ 

Key:  ( 1)  .  deg. 

Of  all  materials,  with  excepticn  cf  noble  metals,  pure  copper 
possesses  the  greatest  cccfficient  cf  thermal  conductivity,  Fcr 
copper,  impure,  and  the  alloys  cf  cepper  with  other  metals  (for 
example,  bronze  of  one  or  the  other  composition)  of  value  X  it  is 
noticeably  less. 
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The  coefficient  cf  the  thnoal  conductivity  of  the  metals  and 
other  materials  depends  on  their  tempera turs«  Pig.  11.2  depicts 
graphs  X=f(T)  for  pure  copper  atd  stainless  steel. 
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?ig.  11.2.  Dependence  is  the  ccefficient  of  therosal  conductivity  fcr 
pure  copper  (1)  and  stairless  steel  (2)  on  the  temperature. 

Key;  (1).  ii/m«deg. 

Page  166. 


Talcing  into  account  the  dependence  indicated,  the  coefficient  of 
thermal  conductivity  in  ecuaticn  (11.10)  must  be  taken  at  mean 
temperature  of  the  wall 


§11. 5«  Characteristic  of  heat  transfer  through  the  chamber  wall. 


In  the  process  of  the  work  cf  the  engine  of  chamber  wall  receive 
both  convective  and  radiant  thermal  fluxes.  Therefore  total  heat 
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transfer  rate,  which  enters  the  chamDec  walls,  is  e'jual  to 

(11- H) 

Heat  transfer  rate  q„,^  can  te  written  also  in  the  follcwing 

form: 

(11. 12) 

whs-r?  a'^  -  ctrtair  #“ft«ct’.v€  teat—*-rar.sfer  co^f  fici-in*- ,  ccrsid  irir.  j 

both  convective  and  radiation  heat  exchange  between  the  ccnit usticr. 
products  and  the  wall. 

On  the  basis  of  equations  (11.2),  (11.11)  and  (11,12)  the 
heat'transfer  coefficient  ie  equal  to 

-  (11.13) 

The  graph  of  the  distribution  of  total  heat  transfer  rate  q% 
along  the  length  of  chamter/camera  is  depicted  in  Fig.  11.1.  Due  to 
the  effect  of  radiant  flux  the  naxisuD  of  total  heat  transfer  rate 
somewhat  will  be  mixed  frcm  the  critical  cross  section  to  the  side  of 
the  head  of  chamber/cameia.  Fret  the  graph,  depicted  in  Fig.  11.1,  it 
follows  that  the  area  of  critical  cress  section  is  the  most 
heat-stressed  section  of  chaabei/camera;  therefore  its  reliable 
cooling  causes  the  greatest  difficulties. 

The  heat  fluxes,  which  ceme  frcm  combustion  products  the  wall, 
pass  through  it  and  they  are  transmitted  to  the  coolant,  which  takes 
place  through  the  coolant  passage. 
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In  the  beginning  of  the  work  cf  engine  tc  coolant  is  tr ansnitt®-! 
not  entire  heat  flux,  which  ccxes  the  wall  frcm  combustion  products, 
but  only  its  part;  another  part  gees  to  the  warm-up  cf  chamber  walls, 
as  a  result  cf  which  the  temperature  of  chamber  wall  ccntinucusly 
inert asas/arews.  with  an  inertrase  cr  tha  temperature  cf  wall  that 
part  of  the  heat  flux  which  is  spent  on  the  warm-up  cf  walls, 
continuously  it  is  decreased.  Censegu^nt ly ,  the  initial  operating 
cycle  of  engine  is  characterized  by  nonstatiorar y  system  cf  cooling. 
If  they  are  made  the  specified  cenditiens,  then  after  certain  period 
of  the  time  (for  the  chaober/caseta  of  ZhBD  it  is  low)  is 
established /installed  equilibrium. 

Page  167. 

It  is  characterized  by  the  fact  that  entire  heat  flux,  which  comes 
the  wall  free  combustion  products,  is  transmitted  frcm  the  wall  to 
the  ccolant.  Therefore,  if  we  consider  that  the  areas  of  that  heated 
and  cooled  the  surface  cf  wall  ace  equal  to  each  other,  then  is 
provided  the  equality 

■^oj-const 


In  entire  section  cf  the  transfer  of  heat  flux  -  from  the 
boundary  layer  of  combusticn  products  to  the  boundary  layer  cf 
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soolant  -  is  established/installed  the  constant  distribution  of 
teaprratures  (Fig.  11,3),  sc  that,  in  spito  of  the  presence  cf  heat 
flux,  temperature  r**  To*  and  To*  they  remain  cocstants. 

Cense guently ,  in  this  case  is  provided  steady  state  cf  cooling 
chambsr/camera.  The  heat  flux  indicated  during  steady  state  cf 
ccclrr:  w?  will  3'ibseguert ly  aralcgcus  with  eguatior.  (11,11) 


desiqnd*"9  Conse  juently  , 


Therefore  equations  (11.12),  (11.10)  and  (11.3)  can  be  written 
in  the  fcllcwitg  fora: 
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Pig.  11.3.  Graphs  of  distribution  of  the  temperaturo  of  internal  wall 
on  its  thickness  and  in  near-wall  layers  in  different  paraneters  of 
g&s,  coolant  and  internal  wall. 

Key:  (1).  Combustion  products.  (2).  Coolant. 

Page  168. 


Hence 


r  =T 

^  ^  o  n  I  ^  • 

Act 


(H.  14) 

(11.15) 

(11.16) 


After  substituting  expression  (11.16)  in  equation  (11.15).  we  will 


DOC  =  81009002 


PAGE 


Obtain 


—  —  ,  _£j_  , 

'  H  n  *  '  ox  ^ 

^,n  ^€T 


;ii.  17) 


ijuaticns  Txaained  atcve  are  ccnvenient ly  used  for  the  analysis 
of  the  effect  cf  different  caraneteis  on  the  itode/conditions  cf 
ceding  chamber/cam era.  A  change  in  any  of  the  parameters  indicated 
to  a  cartair.  degree  a  char.co  in  th®  graph  cf  th*  t  ■  .tper  at  or - 
distribution  in  a  wall  layer  ires  the  side  cf  ccoibustior.  preduers, 
according  to  wall  thickness  and  ir  a  wall  layer  from  the  side  of  the 
ccolar.t  (see  Fig.  11.3). 


For  example^  if  is  increased  the  temperature  of  combustion 
products  Tm.»,  then  temperatures  and  r^j,  increase/grow  (see 

curves  1  and  2),  moreover  simoltanecusly  increases/grovs  temperature 
Toi.  During  the  replacement  of  material  of  wall  to  the  material  with 
the  high  coefficient  of  thermal  conductivity  Act  descends 
temperature  r.„.  but  somewhat  ircreases/gro ws  temperature  To.,,  (see 
curves  3  and  4).  The  same  effect  is  observed  with  the  decrease  of  the 
thickness  c£  internal  wall  Act-  If  we  in  some  manner  or  ether  (for 
example*  by  an  increase  in  the  rate  of  coolant  W'ox)  increase  the 
branch/removal  of  heat  flaxes  fret  the  wall  tc  the  ccolant*  then 
simultaneously  they  descend  temperature  Tu  and  To.a  (see  curves  2 
and  3) . 


As  can  be  seen  from  equations  (11.14)*  (11.15)  and  (11.16)*  a 


I 
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difference  ia  teaperatures  and,  ccnsequer.tly ,  alsc  the  angle  cf  si-: 
of  the  distribution  curve  cf  teaperature  they  are  decreased: 


a>  for  the  wall  layer  of  ccahostion  products,  in  which  their 
temperature  descends  frca  Tna.m  tc  Tho,  ~  with  the  decrease  cf  value 

qs  ir.l  th“  ir.crsas?  cf  h«at-tr ar.sf «r  co'ifficifct  a«.n- 

b)  fcr  the  wail  -  with  the  increase  of  the  coefficient  cf  th.' 
thermal  conductivity  of  its  na+srial  Vt: 

c)  for  a  wall  layer  cf  the  ccclant  in  which  its  teaiperature 
drops  from  To^  to  To*,  -  with  the  decrease  of  value  ga  and  the 
increase  of  heat-transfer  coef f  icient  Ooj,. 

The  effect  of  the  parameters  of  the  products  of  combustion, 
wall,  coolant  and  coolant  passage  on  the  mode/conditicns  cf  cooling 
in  more  detail  is  examined  in  §§11.7-11.  9. 

Page  169. 

§11.6.  Requirements  for  the  cooling  system  of  engine  chamber. 

If  we  do  not  abstract/remove  from  the  wall  heat  fluxes,  then 
through  certain  period  cf  the  time  cf  riding-crop  it  will  be 
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overheated,  and  will  occur  the  inadzissible  reducticn/descant  in  the 
strength  of  matarial  frcm  which  it  is  prepared,  or  its  hct  spct, 
which  can  lead  to  the  deccmpcsiticc  of  chan  bet/camera. 


Due  to  the  high  rate  cf  products  the  combustion,  especially  in 
the  eynanding  saction  of  nozzle,  chambar  wall  under jc  ercsicr. 
(washout)  .  The  erosion  cf  walls  heccm-as  especially  nctd.ceeble  luring 
their  superheating,  since  in  this  case  the  errosive  resistance  of 
material  descends,  Therefcre  fer  the  reliable  chamber  operation  of 
engice  the  temperature  cf  its  wall  must  not  exceed  the  value,  which 
is  the  permissible  fet  the  selected  irate  rial  cf  wall  according  to 
strength  conditions  and  errosive  resistance,  i.e. 

^CT  ^  7* ,„n, 

but  for  the  chamber/camera  with  the  external  flowing  cooling 

^hu^T jio„. 

the  system  of  external  flowing  cooling  must  provide  the 
following  additional  conditions. 


1,  Temperature  of  ceded  surface  riding-crops  Ton 
sections  cf  cbamber/camera  must  not  exceed  value  at  which  will  begin 
that  called  skin  boiling;  presezee  cf  skin  bciling  leads  to 
considerable  decre.aso  of  beat  flux,  abstracted/removed  frcm  wall  to 
coolant,  and  to  its  hot  spot  (see  pg.  174), 
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2.  Temperature  cf  ccclant  lust  net  reach  such  values  at  which 
coolant  begins  to  be  decempesed/axpanded  with  formation  of  solid, 
resinous  or  gaseous  deccmccsitict  products.  Sclid  and  resinous 
particles  are  deposited  cn  the  wall,  forming  a  layer  with  the  low 
coefficient  of  thermal  conductivity.  In  this  case  the  transfer  of 
heat  from  the  wall  to  the  coolant  is  decreased,  which  causes  an 
inersasa  in  the  temperaturfe  cf  wall,  and  it  can  burr.  down. 
Furthermore,  solid  and.  tarry  particles  can  clog  the 
epenirgs/apertures  of  injectors  cf  chamber/camera,  which  is 
inadmissible. 


During  superheating  cf  sene  cemponents  cf  propellant  (UaOa, 
N2O4,  UDMH) ,  utilized  as  the  coolant,  can  occur  the  effects, 
equipollent  to  explosion. 

3.  For  ZhFD,  which  work  cn  diagram  "liquid-to-liquid", 
temperature  of  coolant,  which  enters  from  coolant  passage  in 
injectors  of  chamber/camera,  mst  net  excead  boiling  point  cf 
coolant,  i.e. 

^ox  ^ xmii 

moreover  value  it  Is  necessary  to  take  for  pressure  of  coolant, 

which  it  has  at  output/yield  free  ccclant  passage. 


Page  170 
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If  conditions  rox<7‘KBi  “ot  observed,  then  coolant  enters 

injectors  in  the  form  cf  vapor  or  eirulsion.  In  this  case  the  mode  of 
operation  of  injectors,  designed  fcr  atomization  of  liquid,  sharply 
is  disturbed,  and  is  feasible  the  explosion  of  chamber/camera. 
Further  2cr:- ,  from  nhe  sections  cf  chamber  wali  hie-,  vill  be  ccol^d 
by  the  evaporated  coolant,  sharply  decreases  tne  branch/remc vil  of 
heat,  and  is  feasible  their  het  spot. 


4,  Rate  cf  coolant  must  net  te  too  large.  With  its  increase 
grows  the  heat-transfer  coefficient  ok>.n.  and  descends  temperature 
Tbji  (see  equation  (H.n))/  but  simultaneously  is  increased  the 
required  power  of  the  feed  system  cf  propellant  components  into  the 
chamber/camera  and,  consecuontly,  also  the  mass  cf  the  system 
indicated. 


5.  Coolant  passage  cf  chamber/camera  must  be  technolcgically 
effective,  i.e.,  its  sizes/dimersiccs  and  form  must  be  such  that  it 
would  not  appear  large  difficulties  during  serial  manufacture  of 
chamber s/cameras. 

§11,7.  Bffact  of  different  factors  on  the  heat  flux  from  the 
combustion  products  to  the  wall. 
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The  temperature  of  the  ccotusticn  products  exerts  a  substantial 
influence  on  values  ^kom  ar*d  q^,  calling  with  its  increase  their 
grcwth,  which  is  evident  from  equations  (11.2)  and  (11.8).  The 
tendency  of  a  temperature  rise  In  the  combustion  products  in  the 
charter/car  rra  of  ZhPD  is  caused  cv  use/a rpiica -.i -ncr- 
effective  f uels/propellants  (with  the  large  heatin-  .^.er)  for 
obtaining  the  high  specific  impulse.  (Jith  an  incrcas-  in  .the  specific 
impulse  descends  ths  necessary  prcpellant  coaifonent  tlow,  which 
causes  additional  difficulties  during  cooling  of  chamber/camera , 
since  coolant  is  one  of  the  propellant  components. 

Coefficient  x  influences  heat  fluxes  through  the  temperature 
of  combustion  products  and  partly  through  their  ccmpositicn.  with  an 
increase  in  the  deviation  of  coefficient  x  from  the  sto ichicaetric 
value  heat  flows  from  the  combustion  products  to  the  walls  descend. 

At  values  qmmji  and  q^  exerts  essential  effect  pressure  Pu. 

The  dependence  of  heat  flux  ^mu  on  pressure  can  be  shewn 
based  on  the  example  of  critical  cress  section,  for  it  in  accordance 
with  equation  (11.5) 

5,8^. 


i 
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After  substituting  in  the  latter/last  equation  value  of  a  from 
equation  (U,  14)  and  after  considering  relationship/ratio 
after  sone  conversions  ue  will  obtain 


7^' 


(ILl?) 


Page  171, 

As  can  be  seen  fro®  equation  (11.18),  value  okobukp.  and, 
consequently,  value  4Koa.a.Kp  increases/grows  with  an  increase  in 
pressure  p,-  to  degree  of  0.8. 

Value  Pa  also  increases  with  pressure  rise  in  connection 
with  an  increase  in  partial  pressures  pco,  end  pn.o,  which  are 
dereroining  radiation  heat  exchange.  The  greater  the  heat  fluxes  into 
the  chaaber  wall,  the  greater  degree  to  which  is  heated  the  coolant, 
which  takes  place  through  the  coolant  passage*  Consequently, 
transition/transfer  to  the  higher  ccnbustion  chamber  pressures  leads 
to  an  Increase  in  the  difficulties  of  cooling  the  cbanber/casera.  The 
dependence  indicated  occurs  with  the  invariable 
expenditure/coDSumption  of  coclant,  so  that  the  increase  p^  in 
question  is  achieved  not  by  an  increase  in  the  propellant  component 
flow  (and,  consequently,  the  expenditure /consumption  of  coolant) ,  but 
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by  the  reduction  in  area  cf  critical  cross  secticr. 

The  effect  cf  total  heat  flux  q,  on  the  temperature  of  the 
heated  surface  cf  chamber  wall  T„„  can  be  evaluated  on  the  basis  cf 
equation  (11.14),  in  propcrticn  tc  an  increase  in  value  qz  the 
temperature  Tn.n  descends,  and  vice  versa:  with  reductior/des-.an-  az 
temperature  T„j^  increases/qccws  also  in  the  extreme  case  when  qi  =  Q 
(i,  e,  in  the  absence  cf  heat  flew  through  the  wall)  tem  perat  urt 
becomes  equal  to  the  temperature  cf  combusticn  products  Traii, 
Consequently,  with  increase  ^  temperature  /Vn  descends,  if  we  count 
the  temperature  of  the  products  cf  combustion  Traa,  of  constant. 

The  effect  of  rated  thrust  of  chamber/camera  on  its  ceding  is 
connected  with  the  fact  that  with  the  decrease  of  thrust  in  the 
directly  propcrticnal  dependence  descends  the  propellant  component 
flow  and,  consequently,  also  the  expenditure/consumption  of  coolant. 
The  area  of  the  surface  cf  chao ter/camer a,  which  must  be  cooled,  is 
decreased  to  a  lesser  degree.  Therefore  the  creation  of  highly 
efficient  ZhBD,  which  have  thrust  is  less  than  500  n  [—50  kgf]  and 
cooled  with  the  aid  of  the  coolant  (especially  with  the  long 
operating  time  of  engine),  it  is  extremely  difficult. 

Engine  power  rating  influences  on  cooling  chaaber/camera  on  that 
reason,  that  the  decrease  of  the  thrust  of  chamber/camera  is  achieved 
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by  a  raduct ion/descent  in  the  pccfellant  coapcnant  flow  (and, 
ccnsequently,  coolant),  in  this  case  respectively  descand  val  jcs  p- 
and  Qmh...  Consequently,  with  the  decrease  of  pressure  Pa 
sinultanecusly  descend  values  mot  and  ^mu- 


:n  acccrdarc's  with  equaticns  M’.’-;  (■*.•■*) 

^  K. 


-.o.i 


Pt^  K  ^01 

i.e,  with  the  decrease  cf  pressure  /?,  the  expen  iitucG/co”..- 'i  ior  of 
coolant  is  decreased  to  the  greater  degree  than  convective  ^ flow. 
Furthermore,  with  the  decrease  cf  the  ex penditurs/consumptior.  of 
coolant  descend  the  rate  cf  ccclant  in  that  ccolinq  cf  channel  and 
coefficient  Oo^.  Therefcxe  with  the  reduction/descent  the  thrusts  of 
the  chamber/camera  of  temperature  and  7*,^  in  accordance  with 

equations  (11.15)  and  (11,16)  increase/grcw. 


Page  172. 

Consequently,  in  propcrticn  to  a  reduction/descent  in  the  thrust  of 
chamber /can era  Increase/grcw  the  difficulties  cf  its  cooling,  what  is 
one  of  the  essential  shcrtcoaings  in  the  chaabers/caneras  with  the 
external  flowing  cooling. 


§11.8.  Effect  of  the  parameters  of  internal  chamber  wall  on  its 
cooling. 
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The  teaperatuce  effect  cf  the  heated  sirfac'^  of  chamcer  wall 
?■„  cn  the  ncde/condit icra  cf  ceding.  Persissible  temperature  7',^ 
is  detarelr.ed  by  the  heat  realstacce  of  aaterial  of  internal  chaaber 
wall.  The  large  the  teaperature  T^jt  can  be  allowed,  is  those  less 
tena:  r.»at  :  lew  q.  W  -  h  th«  snire  '-r-”.  -  ■  j  -  T-m.,  eguatinr. 

1  5.  i>»)  ,  in  this  cio’'.'  is  decreased  tr.r  .  j  osary  vaij*:  cf  ccefficiant 

OOB- 

In  §11.7  it  was  shewn  that  if  we  accept  that  0, 

i.e.,  the  necessity  for  wall  ceding  drops  off.  However,  teaperature 
Tim^  for  the  aajoclty  of  ZhBC  is  great  (rrM.a-2800-4000OK)  . 
Therafcre  teaperature  fa,,  auat  he  decreased,  abstractlng/resoving 
heat  fluxes  from  the  chaaber  wall.  Equality  the  temperature  cf  the 
products  of  coabustion  and  wall  car  be  allowed  only  for  the 
chasber/carera  of  ona-eexponent  ZhPC. 

Effect  of  the  coefficient  of  the  thermal  conductivity  cf 
aaterial  of  internal  chamber  wall  Act  on  the  aode/conditions  of 
cooling.  With  an  increase  cf  coefficient  is  decreased  a 
diffarance  in  tesperaturaa  Tm.g^To^  in  the  invariable  paraseters  of 


the  products  of  cosbusticn  and  coolant.  If  we  do  not  change  the 
paraseters  of  coolant,  then  with  an  increase  in  coefficient  Act 
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dascends  tpmparature  Tm.n,  “oich  has  certain  affact  or  tamporatur a 
n*  Th  is  effect  is  explained  these,  that  with  a  'reduction/descant  in 
temperature  semewhat  increase/gtoe  heat  fluxes  and  which 

leads  to  an  increase  in  the  temperature  of  cedant,  and  the  latter  in 
accordance  with  equaticr  (11.16)  >  tc  an  increase  in  temperature  To^. 

If  we  compare  two  materials  c£  internal  chamber  wall,  mcraover 
ieTj».cTi.  then  are  valid  the  fcllcwirg  re  latiorships/ratios: 

The  greater  the  coefficient  the  lass  the  angle  of  the  slope 
of  straight  line  of  the  teaperature  distribution  according  tc 
internal  wall  thickness  and  the  less  the  teaperature  at  a 

prescribed/assigned  teepeiatuce  Ton-  Therefore  it  is  expedient  for 
the  internal  chamber  wall  tc  select  saterials  with  the  highest 
possible  coefficient  of  thcrtal  cccductivity  iiewever,  it  is 

necessary  to  consider  the  following  operational  constraints  cf 
materials  with  high  value  Xg,. 

1.  With  increase  in  coefficient  kn  is  decreased  difference  in 
tesperatures  fu— foA  which  increases  danger  c£  superheating  cooled 
surface  of  internal  wall.  Therefore  in  a  number  of  cases  the 
difftrance  in  the  teeperatures  indicated  it  is  necessary  to 
artificially  increase,  which  is  reached,  as  it  will  be  shown  below, 
by  at  increase  in  the  thickness  of  internal  wall  Act- 
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2.  Usually  aaterials  vith  larger  coefflciant  /.er  possess 
smaller  heat  resistance.  l.e«.  fcr  them  it  is  necessary  to  select 
lower  temperature  T*,,.  in  connection  with  which  inci=ai=  =  /:rcv. 
difficultifs  cf  cooling  chamter/camera. 


Let  us  explain  the  effect  indicated  basad  on  the  example  cf 
chambers/caneras  with  the  steel  and  copper  walls. 


The  permissible  temperature  fcr  copper  (STS^K)  and  bronze 
(1075®K)  is  lower  than  for  stainless  steel  (1«75®K).  Therefore  during 
the  utilization  of  a  copper  cr  bzcnzs  wall  with  the  same  temperature 
T'nu  total  heat  flow  qz  increases/grcvs,  i.e..  from  the  wall  it  is 
necessary  to  abstract/remcve  to  the  coolant  greater  heat  flow. 
Necessary  value  (Zo.o  the  ccpper  wall  is  approximately/exer rlarily 

2.0-2.5  times  more  than  fcx  the  wall  made  of  the  stainless  st-iel 
(with  the  same  thickness  cf  wall)  [7]. 


Let  us  write  equatlcn  (11.  1C)  in  the  following  fora: 

^1— ,11.19' 

•CT 

As  can  be  seen  from  eguaticn  (11.19).  with  the  same  thickness 
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dot  of  ciiifl'g-crop  it  can  pass  the  greater  heat  ficw,  the  greater  the 
product  Calculaticns  shew  that  with  the  sai^e  thickness  the  wall 

of  copper  or  bronze  is  capable  cf  passing  2. 5-3.0  tizes  acre  heat 
fluxas,  than  wall  made  of  the  stainless  steel.  Therercra  during  the 
Intensive  cooling  of  chaater/caiera  with  the  copper  wall  is  peraitted 
t!.e  plevitei  teaperatur^  c:  a  wall  lay^r. 

Effect  of  the  thickness  cf  internal  chaThsT  wall  6rT  or.  the 
aode/cor.ditions  of  ccolicg.  The  decrease  cf  thickness  riding-creps 
Act  affects  heat  transfer  just  as  an  increase  in  the  coefficient  of 
theraal  conductivity  lot-  In  acccrdar.ee  with  eguation  (11.19)  with  the 
decrease  of  thickness  A«t  incrcascs/gro ws  the  heat  flux,  which  wall 
can  pass  with  the  sane  difference  it  temperatures  r„n— Too 

The  optiauB  value  to  which  it  is  expedient  to  attenuate  cf  wall, 
depends  on  total  heat  flux  gt.  Mith  the  increase  of  value  qi 
descends  tesperature  T,  Therefcre  in  the  area  of  critical  cross 
section  in  which  heat  fluxes  have  vaxiaua  value,  wall  thickness  is 
selected  ssallest,  but  it  aust  provide  the  rsguired  strength  of 
cbaabcc/caaera  and  be  technologically  feasible. 

The  tesperature  effect  of  the  cooled  surface  of  wall  on  the 

Bode/conditiocs  of  cooling.  Hlth  the  decrease  of  rotal  heat  flux  ga 
iccrcases/grows  tanparature  TVa.  approaching  tenperature 
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morecvar  tcgetnar  with  value  respectively  increases/yrcws  value 

T,.n.  3ut  value  7o.n  is  lisited  ty  the  temperature  of  coolant. 
Temperature  Tom  can  exceed  the  temperature  of  coolant  only  tc  certain 
permissible  value. 

€.  HM-. 

'Jthc-r -vi  car.  bSai.*:  th-~  d-  ---iticn  or  boiling  cf  coolant. 

Therefore  at  low  heat  flc  .  -  </.  and  lar-ge  temperature  wall 

thickness  it  is  necessary  to  increase  for  obtaining  the  permissible 
temperature  fo.n- 

In  order  to  exclude  boiling  coolant  on  the  cooled  surface  of 
internal  chamber  wall,  teaperatute  T<,.a  must  be  lower  than  boiling 
point  of  coolant  at  this  pressure. 


However,  in  the  majority  of  the  cases  for  the  purpose  cf  the 
intensification  of  external  flcwirg  cooling  is  provided  temperatur* 
excess  To.a  above  the  boiling  pcitt  cf  coolant  on  10-55  deg,  which 
leads  to  the  simmering  cf  coolant  on  the  cooled  surface  of  wall  and 
the  formation  of  bubbles  ("nucleate  boiling") .  Due  tc  the  flow 
turbulence  of  coolant  the  bubbles  will  be  carried  into  those  more 
removed  from  riding-crops  and  the  colder  layers  where  they  are 
condensed.  Therefore  with  nucleate  boiling  heat  fluxes  from  the  wall 
tc  the  coolant  are  abstracted/remcved  more  intensively;  at  the 


constant  rate  of  coolant  the  beat-transfer  coefficient  ao.n 
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increases/grows  two  or  aicra  times. 

However,  with  further  temperature  excess  Ta.a  above  the  boiling 
point  of  coolant  sharply  is  irxreased  a  quantity  of  generatrices  of 
bubbles,  they  not  managing  to  be  washed  off  by  coolant  flow  and  to  be 
condensed  in  its  colder  layers,  but  they  decant  betweer.  theTs  =  lves, 
forming  continuous  sheeting  pair  cn  the  surface  of  wail  ("skin 
boiling”).  In  this  case  the  coefficient  of  heat  transfer  ao.n  and 
heat  flow  from  the  wall  to  the  coolant  sharply  (10  cr  mors  times) 
they  are  decreased,  which  leads  to  the  inadmissible  increase  in 
temperatures  and  and  tc  the  hot  spot  of  chamber  wall. 

§11.9.  Effect  cf  the  type  cf  coolant  and  parameters  of  external 
flowing  cooling  on  the  mcde/ccnditicns  of  cooling  chaaber/camera. 

For  the  effective  external  flowing  cooling  of  chamber/camera  are 
important  to  select  optimal  the  type  of  coolant,  its  inlet 
temperature  into  the  coolant  passage,  and  also  most  advantageous  form 
of  the  coolant  passage,  which  ensures  necessary  distribution  cf  the 
rate  of  coolant  along  the  length  cf  the  coolant  passage. 

Effect  of  the  type  cf  coolant  cn  the  mode/ccnditions  of  cooling. 
The  analysis  of  equation  (11.7)  shows  that  heat- transfer  coefficient 
a«„,  and,  consequently,  the  coding  ability  of  different  liquids  with 
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one  and  the  same  cooling  of  channel  depends  substantially  on  their 
type.  If  wr  assign  the  rats  of  ccclant,  and  also  the  tt  chr.clc  :icall y 
feasible  sizes/dimensio rs  and  the  term  of  the  coolant  passage,  then 
for  each  type  of  coolant  it  is  possible  to  determine  the  value  of 
ccafficient  Oon,  called  available:  let  us  designate  it  OoiLpaca- 

Page  175. 

The  necessary  value  cf  ccefficient  ao.n.noTp  can  be  determined  in 
equation  (11,16),  after  sutstitutirg  in  it  permissible  teraperaturas 
Tom  and  r„. 

Normal  cooling  is  provided  under  the  condition 

■.v*ca  ^  ®o  R^arp' 

For  the  evaluation  cf  the  coding  properties  of  coolant  have  a 
value  the  heat  capacity  cf  coclant,  the  temperature  range  of  its 
liquid  state,  and  also  the  pertaen  cf  coolant  in  the  propellant 
composition,  determined  by  coefficient  x. 

Temperature  range  of  the  liquid  state  of  coolant  is  determined 
by  a  difference  in  temperatures  rimn— T’n.i,  moreover  boiling  pcint  must 
be  taken  at  the  pressure  cf  ccclant  which  it  has  in  the  coolant 
passage.  With  the  increase  of  the  difference  in  temperatures  and 
specific  heat  of  coolant  indicated  its  cooling  capacity  is  increased. 
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Undar  conditions  of  rocket  vehiclt  fcr  the  external  flcwir.fj 
coolir.;j  of  chanbar/camera  it  is  ccssibla  to  use  only  propellant 
compcr.ents.  The  propellant  ccmpcnent  flow  (and,  consequently,  of 
coolant)  is  limited,  but  f urthermcro,  not  all  components  possess  the 

suffici^n^lv  TOCsi  coclir. c 

of  all  liquids  the  test  ccclin:  capacity  possessas  the  water. 
The  heat-transfer  coefficient  Qo^  f":  nitrogen  tetrcxide  and  nitric 
acid  is  1. 5-2.0  times  less,  and  kercsena  and  UDMH  -  are  three  times 
less  than  the  value  Oo.n  of  water.  Usually  as  the  coolant  of 
chamber/camera  of  ZhBD  serves  fuel  (kerosene,  ammonia,  UDHH, 
hydrogen,  etc.),  but  if  it  cannot  ensure  the  required  cooling,  is 
used  oxidizer  (for  example,  nitric  acid,  nitrogen  tetroxide  and 
peroxide  of  hydrogen) . 

The  advantage  of  the  use/application  of  an  oxidizer  as  the 
coolant  lies  in  the  fact  that  its  expenditure/consumption  2-4  times 
usually  exceeds  fuel  consuopticn,  i.e.,  x-2-4.  However,  if  coolant 

is  oxidizer,  then  material  of  internal  wall  must  possess  resistance 
in  the  oxidative  medium  at  elevated  temperatures. 


The  influence  of  the  temperature  of  coolant  to  the 
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aod c/cond itic::s  cf  ccoling.  The  analysis  of  aguaticn  (11,17)  shows 
that  with  the  dscrsasa  cf  the  tenpetature  of  coolant  the  tenfsraturs 
of  the  heated  surface  cf  internal  wall  T^n  also  is  decreased,  which 
as  was  shown  in  §11.8,  it  is  desirable,  in  spite  of  certain  increase 
of  total  heat  flux  <71. 


The  ts  turs  of  ccclar.t  can  he  lowarad,  if  tc  decrease  value 

<7:  (saa  §11.’’)  •  It  is  possible  tc  supercool  it  to  the  temperature 
lower  than  a^hiTr-t  temperature,  with  the  aid  cf  the  special  system, 
which  forms  part  of  starting/launching  device. 

Page  176, 

Effect  of  the  rate  cf  ccclant  cn  the  mode/conditions  of  cooling. 
The  rate  of  coolant  (To*  in  significant  degree  aetermines 
heat-transfer  ccefficient  <*0^  (see  eguation  (11.7)  and,  consequently, 
also  heat  transfer  from  the  ceded  surface  of  wall  tc  the  ccclant.  In 
accordance  with  equation  (11.3)  with  an  increase  in  coefficient  Ooa 
increases/grows  value  qz,  tut  tesperatures  To.b  and  descend  (see 

§11.8)  . 

The  rate  of  coolant  in  the  ccclant  passage  of  chaaber/camera  can 


be  raised,  after  increaslrg  its  flew  rate  per  second  rfiox  when 
fo.T=*const  or  decreasing  the  flew  passage  cross-ssctional  area  of 
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coolant  passage  io.r  when  mox  =  const.  Area  they  decrease  by  the 

selection  of  the  corresponding  £i2€s/diaiensicrs  and  icra  cf  the 
coolant  passage  (see  §11.11). 

With  the  increase  of  the  velocity  cf  coolant  is  increased  the 
hydraulic  resistance  cf  ccclir.g  charnel  Apor.  i=  indesirable. 

Usually  value  is  5-2C  bars  [;b5-^0  kgf/cmZ],  Therefore  it  is 

important  to  select  the  cptimal  speed  of  coolant  U"oi  in  different 
cross  sections  of  the  ccclant  passage.  Heat  fluxas  have  greatest 
value  in  the  critical  cress  secticn,  and  speed  U'oi  in  it  must  be 
greatest;  it  can  reach  5C-6C  m/s. 

Effect  of  the  area  cf  the  cooled  surface  on  the  mode/cerditions 
of  cooling.  If  we  disregard/neglect  tho  thicknass  of  internal  wall 
dcT,  then  in  the  simplest  fora  cf  the  coolant  passage  (in  the  form  of 
the  annular  slot  between  the  external  and  internal  chamber  walls)  the 
area  of  the  heated  surface  of  internal  wall  is  equal  tc  the  area 

of  its  cooled  surface  Foj^  i.  e. 

Cooling  efficiency  can  be  raised  under  condition  Fo.a>fa.B.  which 
is  provided  in  the  presence  cf  the  edges/fins  of  one  or  the  ether 
construction/design  cn  the  ceded  surface  of  internal  wall  [7]. 


During  steady  state  cf  ceding  the  value  of  heat  flux,  equal  tc 
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sum  Qkoh.s  +  Q.!.  ^s  time-ccnstant .  it-erefore  when  fo.n>/^«.c  occirs 

ills (juali t y  <7oji^(7a.B<  mcrscver  <7H.n~<7x “<7HOH.H  +  </n- 

The  dscrease  cf  value  ^an  in  ccsparison  with  value  is 

determined  or.  the  relat icnship/ratic 

Vii.n  _  ^ o.n 

flo.n  Fn.n 

Using  ribbing  on  the  ccciel  surface  cf  internal  wall,  it  is  pcssiblr- 
to  increase  area  Fq,^  1.U-1.8  times  and  mere  in  comparison  with  area 
Faji,  in  so  many  once  is  decreased  the  necessary  value  cf 
heat-transfer  coefficient  ao.n  in  comparison  with  value  Oo.n  for  the 
coolant  passage  of  the  simplest  ferm  (without  the  ribbing). 

Page  177. 

§11.10.  Calculation  of  preheating  coolant  in  that  cooling  to  the 
channel  of  chamber/camera  coolant  continuously  receives  heat  fluxes, 
its  that  that  temperature  along  the  length  of  the  ccclant  passage 
continuously  increases/grews  and  it  reaches  the  greatest  value  before 
the  entrance  in  the  head  cf  chambei/came ra.  Depending  on  the 
sizes/dimensiens  of  chamber/camera  and  heating  pewer  cf 
fuel/propellant  cooling  teapexatuze  in  that  ccoling  cf  channel  is 
raised  on  100-300  deg. 


Preheating  coolant  in  each  section  of  the  coolant  passage  is 
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determir.ed  according  tc  tfcc  equaticr. 

^Ol.M  “TAT'oj.  (11.20! 

Valu3  ATox  is  desigr.“'i  as  fellows. 


The  quantity  cf  heat,  received  by  coolant  in  the  i  secticn  of 
rar/car  ara,  is  '  ; 


Q,=Wt/^-. 

whara  ~  total  s-'  =  cific  heat  flew  in  the  i  secticn,  determined 

from  graph  =/(/)  (s<“’  ?ig.  11.1),  which  must  be  preliminary 
constructed  according  to  the  results  of  calculating  the  heat  fluxes 
into  the  wall;  f,-  -  surface  cf  the  wall  of  the  i  section,  through 
which  heat  flux  is  transmitted  tc  ccolant. 


If  in  the  i  sacticr  cf  chamber/camera  the  temperature  cf  coolant  Co, 
with  heat  capacity  mo,  is  increased  on  ATox,,  then  the  heat  flux, 
received  by  coolant  in  this  secticn,  can  be  written  in  the  following 
form: 

Qi“^oi^oiA7'oxf.  (11.21) 


Consequently, 


h7’„f 


<?/ 

Mos  Coi 


The  heat  capacity  of  coolart  Cox  depends  on  its  temperature, 
which  changes  along  the  length  cf  the  coolant  passage.  Therefore 
preheating  for  each  secticn  is  designed  at  mean  temperature  cf 
coolant  by  successive  appreximatiens,  moreover  in  the  first 
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apf-rcximaticn,  they  accept,  that  the  teaperatura  of  coclant  all  over 
length  of  this  section  is  ccrstant  and  equal  to  its  temperature  at 
the  entry  into  this  section. 


The  temperature  cf  ccclart  at  the  output/yield  from  the  coolant 

is  equal  to 


Temperature  foxj»u  i"  majerity  of  the  cases  must  not  exceed 

the  bciiing  point  of  coolant,  mereever  the  latter,  as  has  already 
beer,  indicated,  must  be  taken  at  that  pressure  which  a  coolant  has  at 
the  output/yield  from  the  cooling  loop. 
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Page  178. 


On  the  basis  of  equation  (11.21)  the  aaximuin  heat-absorbing 
ability  cf  ccclant  is  equal  tc 

^oi.hot)*  (1  1.23) 

Exeainaticn  of  equation  (11,23)  maxes  it  possible  to  cone  tc 
light/detect/expose  the  fcllcwirg  nays  of  an  increase  in  the 
heat-absorbing  ability  cf  the  ccclant: 

a)  a  reduction/descent  in  teaperature  7‘ox.m.  i.e.  the 
utilization  cf  a  coolant  in  the  supercooled  state; 

b)  use/application  cf  both  propellant  coaponents  as  the  cooler. 

In  a  number  of  cases  with  the  insufficient  heat-absorbing 
ability  of  coolant  they  search  for  ways  of  reducing/descending  the 
heat  fluxes  into  the  chaaber  walls*  i.e.*  decrease  value 

/-I 


§  11.11.  The  design  features  of  the  cooling  systems  cf 
chaaber/camera. 
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In  the  preceding  paragraphs  was  «»xaniir.  =  d  in  essence  external 
flowing  coding.  With  this  methcd  heat  fluxas  are  abstracted/ramoved 
from  the  chamber  wall  with  the  aid  cf  the  coolant,  which  takes  place 
thrcuch  the  coolant  passage  or  one  or  the  other  form.  After  the 
coolant  passage  the  ccclart  (propellant  ccmFcrent)  is  introduced 
through  tr.e  head  inside  the  ccnhusticn  chanher. 


External  flow-through  cooling  is  called  also  regenerative,  since 
in  practice  entire/all  heat,  which  entarcd  into  the.  internal  wall  and 
given  up  by  it  to  coolant,  returns  to  the  combustion  chamber  and 
effectively  is  used  (it  is  regenerated).  Furthermore,  the  preheating 
of  ccmponert  of  fuel/prcpellant  contributes  to  its  more  rapid 
vaporization  and  more  ccsclete  ccvbostion  in  the  chamber/cameca. 

external  flowing  coding  comparatively  rarely  is  used  in  the 
pure  form.  Usually  chamter/camera  as  a  whole  or  at  least  its  any 
section  is  additionally  ceded  ty  ancthar  method.  This  cooling  is 
called  combined  (mixed)  . 

As  the  example  it  is  possible  to  give  cooling  basic  part  of  the 
chamber/camera  by  external  flowing  cooling,  and  the  final  part  of  the 
nozzle  -  by  radiation/e lissicT;. 

Construction/design  of  the  coolant  passages  of  chamber/camera. 
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Tho  effectiveness  cf  external  flowimj  coding  significantly 
if  pends  or.  s?. zts/diaensicns  and  fctm  cf  th%  ccolant  passage*  vihich 
must  provide  the  desired  values  cf  the  rats  cf  coolant  and 
heat-transfer  coefficient  o«.n  alcng  the  length  of  channel. 


?agp  ' 7  ’ . 


Are  distinguished  tvo  types  of  the  coolant  passages: 

a)  the  smooth  ring  ccolant  passage,  in  which  outer  and  internal 
chamber  walls  are  not  connected  between  themselves  along  the  length 
of  the  chamber/camera: 

b)  the  coolant  passage  with  ribbing,  in  which  external  and 
internal  chamber  walls  are  fastened  between  themselves  by  the 
edges/fins  of  one  or  the  other  construct  ion/design  all  over  length  of 
chamber /camera. 

The  smooth  ring  coclant  passage  (Fig.  11,4)  has  simple 
construction/design  and  possesses  lew  hydraulic  resistance.  This 
channel  can  be  used  for  low  pressure  and  it  is  sufficient  high 
expenditure /consumption  cf  coolant. 
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Are  very  effective  the  ccolact  passages  wizh  tha  ribbing.  To  the 
channels  with  the  ribbing  and  the.  axial  metien  of  ccclant  they 
relate: 

a)  channel  with  the  Icngitudiral  elges/fins; 

b)  channel  with  the  adapter,  which  has  longitudinal 
cerrugatior s; 

c)  the  channel,  made  fren  the  longitudinal  tubes,  soldered 
between  themselves  on  lateral  surfaces. 

Caannels  with  ribbing  and  setien  of  coolant  along  the  helix  are 
the  channel  with  the  spiral  edges/fins  and  the  channel,  ferned  by 
helical  tubes. 

If  internal  and  external  walls  are  connected,  then  external  wall 
to  the  certain  degree  is  unloaded.  Chambers/cameras  with  this  coolant 
passage  possess  high  strength  and  rigidity,  which  makes  it  possible 
to  use  the  walls  of  small  thickness  at  a  sufficiently  large  pressure 
in  the  coolant  passage.  In  the  ccclant  passages  with  the  ribbing  to 
more  easily  ensure  high  rate  of  ccclant,  than  in  the  smooth  ring 
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chancels. 


In  §  11.9  it  was  sncwn  that  th®  cr?s«acs  of  cdges/fir.s  ir.cr=ias®s 
heat-transf er  coefficient  Oon.  Charnels  (longitudinal  or  spiral)  mere 
evenly  distribute  coolant  over  the  cross  section  of  channel. 


in  the  chambers/cameras  Zh?D  [ 


-  liguid  prcLillant  reex-rt 


engine]  in  spite  cf  the  ccirplicaticn  of  their  construct ior/d<‘  sign. 


Channel  with  the  Iccgituciral  edges/fins  (Fii*  11.5a)  fulfill  by 
Billing  longitudinal  edges/fics  on  the  external  surface  of  Internal 
chanter  vail  and  by  subseguent  ccocection  of  edges/fins  on  the  upper 
ends/faces  with  the  external  vail  vith  the  aid  of  the  seas  welding  or 
rations. 
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Fi'j.  11,  u,  Chacber/campra 


:  i  ;h t/G  1‘ :  ~  ud •’  cf  th"?  cha 


wi^.h 


thp  SBCOth  ring  coolant  passac® 
ci  th«  c'aclan*  . 


(6  - 


Page  I'lO. 


Channel  with  the  corrugated  adapter  (see  Fig.  11.5b)  is  external 
and  internal  walls,  into  radial  clearance  betwesn  which  is  inserted 
the  adapter  with  the  longitudinal  ccrrugaticns.  The  app xes/verte xes 
of  ccrrugaticns  are  connected  with  the  walls  hy  sclaering.  The 
corrugated  adapter  saxes  It  pcssitle  to  divide  ccclar.t  flew  into  two 
flews  and  to  achieve  in  this  case  an  increasa  in  the  rate  of  coolant. 
Furthermore,  in  this  case  the  ccllector/receptacle  cf  coolant  (fuel) 
place  not  at  the  end  ths  nozzles,  hut  approximately/exemplarily  in 
the  eiddle  of  expanding  section  cf  nczzle,  which  decreases  ♦•he  length 
cf  the  cenduit/manif old ,  which  supplies  fuel  to  ths  chamber/camera. 

In  this  coolant  passage  the  low  part  of  the  ccolant  flew  (20-30c/o) 
goes  along  the  channels,  feraed  by  adapter  and  external  chaoter  wall, 
before  exit  section,  and  then  alctg  the  channels,  formed  by  adapter 
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and  ir.tarnal  wall,  towards  critical  cross  section.  Basic  part  of  th<? 
flow  goes  immediately  tcwards  critical  cross  secticr.  throughout  the 
rhar.rels,  formed  by  adapter  and  external  wall.  In  the  special 
ccllector/r ecept acle  at  the  entry  into  critical  cross  section  both 
flows  are  mixed  and  then  evenly  they  enter  the  channels  between  the 
•  iiv-cr  2rd  the  ’^xr^rr.a  1  wall,  and  also  rho  aJaprsr  and  th~ 

internal  wall. 

The  channel,  made  from  the  longitudinal  tuoes  (Fig.  11.6),  is 
the  variety  of  the  coolant  passage  with  the  ribbing.  The  most  widely 
used  form  of  the  cross  section  cf  tubes  is  rectangular  or  trapezoidal 
with  the  filleted  corners.  Tubes  bent  on  the  duct/contour  of 
chamber /camera.  Width  and  cross-sectional  area  along  the  length  cf 
tube  different. 

The  ends/faces  cf  tubes  solder  in  the  collectors/receptacles  for 
supplying  and  branch/re xcval  cf  coolant,  one  cf  the  advantages  of 
can-type  chamber  is  the  possicility  to  introduce  coolant  into  the 
channel  and  to  derive/ccncludc  coolant  froe  it  from  one  and  its  the 
same  end.  In  this  chamber/canera  that  supplying  and  offtake 
collectors/receptacles  place  at  the  head  cf  chamber/canera. 
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11.5.  Chambers/camaras  «ith  th*;  aiiiled  IcngicaJinal  channels  (a) 
ind  the  ccrrugated  adapter  (b)  . 


Key:  (1).  Soldered  seaix. 

Page  181. 

Coolant  Bakes  two  courses:  in  each  adjacent  pair  of  tubes  the  coolant 
on  one  tube  goes  froa  the  head  tc  the  nozzle,  and  on  the  adjacent  - 
in  the  opposite  directicn. 

The  longitudinal  webs  of  tubes  connect  between  themselves  by 
soldering,  so  that  tubes  fora  charber  wall. 

In  order  to  raise  the  streegth  of  tubular  chaabers/caaeras  over 
their  length  they  place  several  bands/shrouds/tires  (power  rings)  or 
is  wcund  chaaber/caaera  by  ta^e  ci  wire  froa  steel  or  high-strength 
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alloys,  and  also  by  f i be r glass - 

Can-type  cl-.arabers  possess  high  strength  an  i  rigidity  with  the 
relatively  lew  niass;  as  a  result  cf  the  effect  of  ritcing  and  small 
wall  thiclcr.sss  they  reliably  are  ceded.  If  in  the  charabers/cameras 
with  rhe  edoes/firs  cr  the  cctrugated  adapt -rs  sdd?r  can  flew  in 
intc  the  channels  and  cever  them,  tnen  in  nne  can-iyie  charr=rs  nhis 
shcrtcoming  will  he  eliminated  due  tc  the  arrangement/positicn  of 
soldering  seams  out  of  ccclant  channels. 

Channel  with  spiral  channels  (Fig.  11.7)  is  used  when  channels 
with  the  longitudinal  charnels  dc  ret  assure  the  required 
heat-transfer  coefficient  ao.a-  spiral  channel  can  be  mono-  or 
multiple.  The  effect  of  the  use/apclicat icn  of  spiral  channels  lies 
in  the  fact  that  at  ere  and  the  same  values  cf  the  height/altitude  of 
channel  and  expendit  ire/ccnsuaipticn  cf  coolant  its  rate  mere  than  the 
rate  in  the  longitudinal  channel,  this  difference  increasing/ growing 
with  the  decrease  of  a  number  cf  approaches.  Furthermore,  the  surface 
of  edges/fins  in  the  channel  with  the  spiral  channels  is  alsc  more 
than  in  the  channel  with  the  longitudinal  channels,  which 
additionally  increases  ceding  efficiency. 

However,  for  the  coolant  passage  with  the  spiral  channels 
characteristically  high  hydraulic  resistance,  and  execution  cf 
channels,  especially  in  the  sections  of  chaaber/camera  with  the 
variable/alternating  cross  secticr,  is  complicated. 
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Fig,  11.6.  Chaaber/catr^ra ,  scld'rred  frcn  shaped  longitudinal  tubes 
and  wrapped  by  layer  ct  wire. 

Key;  (1),  Soldered  seam,  (2).  Layer  of  wire. 

Fig.  11.7.  Chaober/camer a  with  ccclant  passage,  which  has  helical 
chancels. 


Page  132. 

Therefore  the  coolant  passages  cf  this  constructicc/design  use  only 
in  the  most  heat-stressed  sections  chambers/cameras,  in  the  first 
place,  in  the  area  of  critical  cress  section. 


Chamber s/cameras  with  the  the  spiral  of  winding  of  tubes  did  not 
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•rfin  acceptance  as  a  result  of  the  significant  hydraulic  resistance 
and  difficulty  cf  nh®  safeguard  cf  a  smooth  d uct/cor.tour  of  internal 
surface  (on  the  generatrix  of  chasber/camera) . 

Methods  of  r educing/descendiny  the  heat  fluxes  into  a  chamber  wall. 

H-*at  riu:c..-:  ircm  the  coatusticr.  products  into  the  wall  cf 
chamber  car.  be  decreased  by  the  utilization  of  internal  cooling  or 
layer  of  the  thermo-insulating  material,  applied  to  the  internal 
surface  cf  chamber  wall. 

Internal  cooling.  The  coding,  during  which  the  coolant  is 
introduced  inside  the  chamber/camera  and  is  created  a  wall  layer  of 
gas  of  a  reduced  temperature,  is  called  internal  or  film. 

For  the  required  reduction/descent  in  the  temperature  of  a  wall 
layer  the  expenditure/consumpticn  the  supplied  combustible  is  lass 
necessary  expenditure/consumpticn  cf  oxidizer.  This  can  be  explained 
by  the  greater  slope  of  curve  of  dependence  Tru=^f{an)  in  region 
aoit<l,  than  in  region  aoi.>l  (Fig,  11,8).  Furthermore,  working 
conditions  of  the  heated  surface  cf  chamber  wall  in  in 
recovery/reduction  medium  are  easier  than  in  the  oxidative. 


The  coolant,  utilized  for  the  internal  ccoling,  must  possess 
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lAzge  heat  capacity  in  the  liquid  and  gaseous  state,  and  alsc  high 
values  of  the  boiling  point,  boat  of  vaporization  and  dissociation. 

The  effectiveness  of  the  internal  cooling  increases,  if  during 
the  decoaposition/expansicn  of  coolant  are  formed  only  gaseous 
r;:  ducts  with  the  lew  mcl^cular  weight.  This  ra  .'uirenent  to  a 
ccr.sic’rablc  degr^s  satisfies  the  sarias/number  cf  the  fuals:  Hz, 

N'Hj,  m:ig,  etc.  The  chemical  energy  cf  propellant  component,  which  is 
located  in  the  excess  in  near-wall  layer,  is  used  net  completely. 
Therefore  internal  cooling  to  a  certain  degree  decreases  the  specific 
impulse  of  chamber/camera . 

The  coolant,  used  for  the  internal  cooling  (combustible),  is 
derived/concluded  to  the  heated  surface  cf  chamber  wall  by  the 
following  methods: 

a)  through  additional  fuel  nozzles,  placed  on  the  periphery  of 
the  head  of  chamber/camera;  b)  through  the  belts/zones  of  curtain  and 
c)  through  the  belts/zones  of  porous  inserts. 
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Fig.  11.8.  Dependence  of  the  tenperature  cf  products  of  the 
ccmbustior.  cf  fuel  Oj*  kctcsari^  cr.  ccpffici^nt  Oo. 


Page  183. 

The  first  method  is  struct urally/constr uctionally  most  simple; 
it  are  been  ccmmcnly  used  in  the  ccirbination  with  the  seccnd  method 
(with  the  belts/zones  cf  curtaic).  This  is  explained  by  the  fact  that 
a  wall  layer  with  the  excess  cf  the  introduced  coolant  in  proportion 
to  motion  from  the  head  tc  the  nozzle  is  mixed  with  the-  cerntustien 
products. 

Usually  a  quantity  cf  belts/zcnes  of  curtain  does  not  exceed 
three,  moreover  them  establish/install  before  the  heat-stressed 
sections  chambets/cameras,  in  the  first  place,  in  the  nozzle  entry 
and  before  the  critical  cress  section. 

The  belts/zones  of  curtain  are  rd  the  fine/snall  and  of  greater 


partly  tangential  (tangentially  tc  the  cylinder  of  chamber/camera) 
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ope ri  r.g  s/apertures,  located  in  the  circu af are  003  in  this  cross 
section  of  chamber/camera^  or  annular  slot  (Fig.  11.9). 

Coolant  is  supplied  intc  tte  cpenings/apern ures  of  belts/zones 
directly  from  the  coolant  passace  or  from  the  collector/receptacle  to 
which  it  is  supplif?d  by  the  special  ccn  i  uits/ man  if  ol  ds  (see  FIt. 

11.9),  In  the  lattar  case  in  the  ring  cf  curtain  ar?  fulfillei  nwc 
groups  of  the  openings/a  pert uies ,  displaced  it  circumference  cne 
relative  to  another.  Through  the  radial  (cr  tangential) 
ops nings/apertures ,  which  are  the  cpenings/apert ures  of  the  hslt/zcne 
of  curtain,  coolant  is  introduced  irside  the  chamber/camera.  The 
axial  openings/apert ures  (in  Fig.  11.9c  dotted  line  showed  ore  such 
opsning/apertura )  provide  duct  ccclant  through  the  ccclant  passage 
through  the  ring  curtains. 

The  chambers/cameras  cf  ZhEC  cf  the  low  thrust  (50-5000  n 
[  —  5-500  kgf  ])  ,  including  with  multiplying,  can  be  cooled  only  by 
internal  ceding  (without  the  external  flowing  cooling).  Its 
effectiveness  depends  cn  the  properties  of  components  of  propellant 
(in  particular  the  component,  utilized  as  the  coolant),  and  also  on 
the  heat  resistance  cf  material  cf  chamber  wall.  The  lower  the 
temperature  of  combustion  products,  the  more  effective  the  coolant 
and  the  the  large  temperature  c£  heating  wall  allows/assumes  its 
material,  the  less  the  necessary  expenditure/consumption  cf  ccclant 
and  the  connected  with  it  losses  of  specific  impulse. 
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,  1.  Th'r  iii'jrams  cr  the-  Input/ir.t  red  uc  tier,  cf  ccclant  ivisiie 
jr.aiTiber/cdiae. Id  for  crianizicg  the  internal  coding:  a)  through 
trr  c'rlt/zcne  of  openings/apett ures  into  the  internal  wall;  t) 
through  the  slot  belt/zcne  of  curtain;  c)  through  opening  into  the 
ring  of  curtain;  1  -  ring  of  curtain;  2  -  oblcng  hole;  3  - 
ccllector/receptacle  of  curtain;  4  -  opening/aperture  of  curtain. 

Page  184. 

The  final  part  of  the  nozzle  cf  the  chamber/camera  of  scipe  Zh3D 
(for  example ,  1)  is  cooled  ty  the  working  aedium/prcpel lant  of 

turbine  which  is  introduced  inside  the  nozzle  through  the 
collector/receptacle,  distant  behind  nozzle  exit  section  at  a 
distance,  which  ensures  the  excess  cf  the  pressure  of  the  working 
oediuB/propellant  above  the  pressure  of  combustion  products  in  this 
cross  section  of  nozzle.  Gas  from  the  collectcr/receptacle  is 
supplied  into  the  nozzle  through  several  slot  belts/zones  of  curtain 
or  belts/zcnes  with  the  tangential  epenings/apertures  (tangential 
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in put/introd uction  of  gas  raises  ceding  efficiency). 

During  the  cooling  with  the  curtain  the  final  part  of  thj  nozzle 
can  be  prepared  from  the  usual  stainless  steel,  including  fet  ZhHD 
with  multiplying  and  significant  tctal  operating  time,  certain 
short cort  ir.g  in  this  cooling  is  the  reed  for  pressure  increase  at  the 
turbine  exhaust,  which  decreases  the  developed  with  it  power  (see  § 
13.13). 

Coolant  can  be  supplied  inside  chamber  through  the  wall  from  the 
porous  material.  In  this  case  the  cedant  under  the  pressure 
conticuoosly  acts  on  the  numerous  smallest  pores  which  evenly 
distributed  by  entire  vclume  of  wall,  and  creates  on  the  heated 
surface  of  wall  a  layer  cf  the  liguid  or  evaporated  coolant.  This 
cooling  is  called  porous. 

The  difficulties  cf  designing  cf  chamber/camara  with  the  porous 
cooling  are  explained  by  the  complexity  of  obtaining  uniform  porosity 
of  wall,  by  the  low  strength  cf  pcrcus  materials  and  by  the 
possibility  of  soiling  peres  during  the  werh  cx  engine.  Therefore 
this  cooling  it  is  expedient  to  use  only  for  the  chambers/caaeras 
with  the  increased  calorific  Intersity, 


coating  of  thermo-insulating  material  on  the  internal  surface  of 
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ckamber/camera.  Th-j  effect  cf  the  usa/a? plica tion  cf  a  layor  cf 
thermo- insulatin j  material  in  addition  to  extarnal  flowing  cooling 
consists  of  the  following.  In  the  case  of  the  high  melting  ccint  of 
thermo-insulating  materials  it  is  fcssiole  to  allow  cf  high  haating 
the  surface  of  its  layer,  washed  by  combustion  products,  which 
decreas-^s  the  heat  fluxes  into  the  wall  and  pr 'heating  cf  cedant  in 
the  coolant  passage.  Furtheracre,  ate  to  the  lew  coefficient  ci 
thermal  conductivity  the  temperature  cf  a  layer  cf  thermo-insulating 
material  sharply  falls  according  tc  its  thickness.  Therefcre  the 
temperature  cf  the  surface  of  wall,  tc  which  will  be  brought  in  the 
layer  indicated,  noticeably  Icwet  than  temperature  of  chamber/camera 
without  the  thermal  insulaticn  (fig*  11.10). 

As  thermo-insulating  materials  can  serve  oxides  cf  refractory 
metals  (dioxide  of  xirccnium  ZrOj,  cxide  of  magnesium  HgO,  oxide  of 
aluminum  AljOj)  and  their  carbides,  molybdenum  disilicide  MoSia  and 
so  forth. 

The  thickness  of  the  layer  cf  the  materials  Indicated  wblch  most 
frequently  will  be  brought  in  by  plasma  spraying,  is  0. 3-0. 6  mm.  For 
the  best  adhesion  (cohesicn/coupling)  of  a  layer  with  the  surface  of 
chanbec  wall  to  it  preliminarily  will  be  brought  in  the  substratum  of 
chromium  or  nickel  with  thickness  cf  up  to  0.  1  mm. 
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Are  mcst  finished  th^rtnc-insulatir.'j  coatings  frcni  the  dioxiii^ 
rirccr.ium  and  Eolybdsnuir  disilicid?. 


A  layer  of  thermal  insulation  %crks  under  severe  conditions. 


Page;  18  5, 

Therefore  the  creation  cf  chaBter/cam-.ra  with  a  layer  of  theraal 
insulation  causes  large  difficulties;  in  the  layer  indicated 
frequently  are  formed  the  cracks  and  crumbling  off  in  the 
ser ies/number  of  sections,  Ccating  cf  thermal  insulation  on  the 
internal  surface  of  chamter/camera  complicates  its  manufacture  and 
increases  its  cost/value  and  mass. 

Other  methods  of  wall  cooling. 

Let  us  examine  ablation  and  radiann  cooling  of  the  finite 
segment  of  nozzle  or  entire  chauter/camera. 

Ablation  cooling.  Ablation  ceding  is  called  the  cooling, 
provided  by  a  layer  of  material  wfcich  will  be  brought  in  to  the 
internal  surface  of  chanber/camera  and  in  the  process  cf  chamber 
operation  undergoes  sc  called  ablation.  Ablation  is  the  involved 
complex  of  the  processes,  which  take  place  with  the  ingress  cf  heat 
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ar-d  leading  to  the  destructicL  cf  surface  layer.  Such  processes  are 
the  processes  «ith  the  phase  transfcraat icns  (aelting,  vapori2ation, 
sufclioatior)  and  the  processes  cf  dccoapositicn ;  the  heat,  spent  on 
their  course,  is  called  the  heat  cf  ablation.  As  a  result  of  ablation 
are  formed  the  gaseous  arc  solid  products,  which  create  a  wall  layer 
with  a  reduced  temperature  and  are  taken  away  by  the  flow  cf  products 
ccabusxion.  Thtrefcre  thickness  cf  the  layar  cf  aaterial,  applied  tc 
the  wall,  in  the  process  cf  ebaaber  operation  continuously  is 
decreased. 

The  material,  which  undergoes  ablation,  is  called  ablating  (or 
destroying)  .  Ablation  ceding  is  called  also  coding  via  the  ablation 
of  substance. 

The  heat  fluxes,  entering  into  layer  of  the  ablating  material, 
go  in  essence  to  the  maintenance  cf  ablation,  so  that  the  heat  flux, 
passing  through  a  layer  cf  the  ablating  material,  is  not  great. 


Fig.  11.10.  Graphs  of  th€  h«mperature  distribution  cn  thickness  of 
chaKber  wall  with  a  layer  of  therital  insulation  and  without  it. 

Key:  (1).  products  of  ccoitusticn.  (2).  Coolant. 

Page  186. 

On  the  surface  of  the  layer  indicated  is  established  a  ccmparatively 
low  temperature  (several  huodiec  degrees) .  which  depends  cn  the 
composition  cf  the  ablating  material. 

As  the  ablating  material  can  serve  fibers  or  fabrics  frem  oxide 
of  silicon,  graphite,  carton,  asbestos  and  quartz,  impregnated  with 
phenolic  resin.  Chambers/cameras  with  the  ablation  cooling  have  a 
seriss/number  of  advantages  before  the  chambers/cameras  with  the 
external  flowing  cooling.  Such  advattages  they  are: 
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vi)  the  dosenct?  of  •re  cccxint  tissdj^,  •hie.;  3iij.lefi'ro  cr.Q.Tib^r 
it  d'ecr'aases  hydraulio  Icsres  in  ndir.  c'  cn-  cf  tr.“ 
propellarr  ccTicnents  arc  decreases  th®  ccssnoilit/  ci  its  fi-?®iin, 
acfi«r  conditicr.s  cf  cuter  space; 


cceffini®nt  ni  the  t«if-=iatu:s  i:  cc  jpen- ms  c.  r 

pressure  cf  ccurusticr.  crcducts  (ari,  conse  jUr-nn  1  y,  c:  i 
chaaber/ca®era)  under  ♦•he  condi  +  icn  for  relianl®  coolir;. 


Hobever,  to  ch aabers/caraer as  with  the  ailaticn  ccolin:  aia 
specific  essential  shcrtccnings ,  nairel-/; 

a)  the  lititatior.  cf  the  value  cf  specific  inpulse;  wi-n  its 
increase  aust  be  increased  the  thickness  (and,  conss  quer.t  !■/ ,  sass)  c' 
a  layer  of  the  ablating  aaterial; 

b)  tha  liaitaticn  cf  the  operating  tiae  cf  engine;  fer  the 
prolonged  work  of  engine  is  required  the  large  thicunass  cf  the  layer 
of  the  ablating  aaterial; 

c)  the  need  for  the  acccunt  cf  an  increase  in  tha 
cross-sectional  area  cf  the  nezale  (especially  critical  cross 
section),  called  by  the  decrease  cf  the  thickness  of  the  layer  of  the 
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i  I  dt  in  j  :sd  1 1*!  1  j  1 . 

tn  »  cr.  a ii.c'^-r  s/c  ^  !r as 

n 

i  1  ^ ^  c  c  1 '  '  ’ «  ''  'iz  t  •  *‘ ''  "  z  1  '.'.  ~:7  ~  "  z  r  ^.  *.  ■*  ^  1  c  r.  z  '  7  \  i  z  i  •  : 

near  fns  ‘he  '.alls  i^  ai  s  ' :  jcre  i 'T  a  ■  ;v  ^  r  ly 

r  a  i  Id  t  i  or. /ei!  1S5  1  cr  into  trc  s  ur  r  c  n  r  o  i  n  j  scice.  The  hta-  :l;xes, 
raEsrr.n  through  rh®  wall  of  t.’^is  chanih'T /oaT  era  and  raiiarei  into  t'z- 
surroundinc  space,  are  c  c  n  pa  r  at  i  v  e  1  \  lew.  rr.erafc:?  in  acccrdar.ca 
with  e.juatior.  (11.1a)  wall  has  sutficientlv  .hig.i  re  .n  pera  r  ure  (tc 
1  aOO®K  ac'l  acre)  . 

Fcr  the  chaaber s/cameras  with  the  ra-liant  ceding  is 
cr.aracteristic  prolonged  (to  bO  s  and  rcr*')  oraratinc  cycle  in  th? 
nen  St  at  3  cna  r  y  systci  of  ccolirg.  At  the  eni  or  tr.c  period  indicated 
IS  estadished  the  egiii  1  i t r i u b  teuperature  cr  wall,  since  oegins  the 
eguality  the  heat  fluxes,  which  ccBe  the  wall  and  abstracted/removed 
froa  i*. 

The  utilization  of  radiant  ceding  in  a  nuaoer  of  cases  aa'^es  it 
possible  tc  significantly  decrease  the  aass  of  chaaber/caaera  (aaor.g 
other  things  in  coapariscn  with  the  chaaber/caaera,  which  has 
ablation  cooling),  especially  with  the  long  operating  tiae  of  engine. 


Aolaticn  coding  is  us^d  in  es£-»nc?  ror 
with  t.re  srall  values  cf  thrus*  and  pressure 
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Shortccmings  in  the  raJiant  ceding  are  teed  the 
uses/applications  of  the  expensive  high- temperature  (strength) 
alloys,  the  manufacture  cf  parts  frem  which  is  complicated. 

Pajo  137. 

Furthermore,  these  alloys  are  brittle  and  possess  low  chemical 
stability  to  the  combusticn  products.  In  order  to  avcid  the  oxidation 
of  such  alloys  by  combusticn  products,  to  the  internal  chamber  wall 
will  be  brought  in  special  coating;  for  example,  wall  frem  the 
niobium  alloy  they  cover/coat  with  a  layer  of  organosilicon 
compounds. 

In  a  number  of  cases  the  coating  not  only  shields  the  surface  of 
wall  from  the  oxidation,  tut  also  iccreasas  its  radiating  capacity, 
which  makes  it  possible  tc  additionally  lower  the  temperature  of 
wall.  Such  properties  possesses,  in  particular,  the  oxide  fill  of 
aluminum,  applied  to  the  surface  cf  wall  frem  the  nickel  alley. 


Dncooled  chambers  with  the  massive  wall.  Normal  conditions  for 
chamber  operation  can  be  ensured,  using  heat  capacity  of  material  of 
its  wall.  If  chamber  wall  possesses  large  mass,  and  its  material  by 
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large  heat  capacity  and  by  theraal  conductivity,  then  wall  can 
receive  the  heat  fluxes  which  are  distributed  ail  over  mass  until 
temperature  of  wall  achieves  the  laximua  parmissible  for  this 
material  value.  Such  chamters/cameras  (them  call  also  unccoled  or 
cooled  with  the  aid  of  "sponge"  codings)  rhey  use  in  essence  in 
bench  experimental  of  ZhRC. 
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Chapter  XII . 

CH  AMBERS/CA;1ERAS  of  LIQOIC  propellant  rocket  EliGIMES. 

§  12.1.  General/commcr/tctai  characteristic  of  chaaibers/cameras. 

Ch amfcs r/caaera  cf  ZhSC  is  its  basic  an:  icst  h  iat-strass  -  ; 
ajgr?jat^  which  to  a  cc n sidsrable  extent  determines  csrfecticr  and 
reliability  cf  engine  and  CO  as  a  whole. 

Chamber/camera  ZhRC,  which  works  on  the  diagram  "liquid  - 
liquid",  consists  of  head,  combustion  chamber  and  nozzle. 

Head  must  introduce  prcptllant  components  inside  the 
chamber/camera  in  such  a  way  that  the  chemical  reactions  cf  their 
reaction  would  occur  fully  and  into  the  short  time  interval. 

In  the  combustion  chamber  (deccmpos ition/ex pansicn)  occurs  the 
vaporization,  the  mixing  cf  propellant  components  and  their 
combustion  (decompositioc/expansicn) .  The  combustion  chamber  volume 
must  ba  as  far  as  possible  low,  but  sufficient  for  the  safeguard  of 
complete  combustion  cf  propellart  ccuponents  prior  to  the  nozzle 
entry.  Volume  cf  combustion  ohamber  count  the  volume  of 
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chanLer/camera  froai  the  internal  (fir'=^)  bctton’  heads  tc  the  critical 
cress  sect:  cn.  Ths  Icr.qth  cf  ccr  bus  tier,  chapter  also  aff'^ctc  th~ 
completeness  of  the  burnir.c  cf  ptccellant  ccanonerts,  cut  to  a  less-r 
degree  than  volume. 


''crrlr  acc-e  l-ratrs/dis;:-~i  r^Tir:”; 

pcssirle  rate  fer  obtaining  thr  hagh  sp: 


pr  ?  au  cr  3 

:  i  c  p  a  1  s  e 


chamber /camera. 


Page  138. 

The  most  widely  used  type  cf  the  chamber /camera  of  two-cemponent 
ZhPD,  which  work  on  the  diagram  ‘'liquid  -  liquid",  is  cylindrical 
chaaber/camera  with  the  ccclant  passage  and  the.  head,  which  has  threa 
bottoms  (Fig.  12.1).  Oxidizer  is  supplied  through  intake  pipe  1  into 
the  cavity  and  between  external  bottom  2  and  average/mean  bottom  3, 
and  from  it  through  injectors  11  -  inside  the  combustion  chaiher. 

Fuel  is  supplied  through  intake  pipes  7  (their  -usually  two) 
into  collectcr/receptacle  8,  usually  arr anged/locatad  on  certain 
distance  from  nozzle  exit  section  (see  §  11.11).  Spreading  on  the 
collector/receptacle,  fuel  enters  the  coolant  passage  c,  formed  by 
external  wall  5  and  internal  wall  cf  6  chambers/cameras.  The  flow  of 
fuel  is  divided  into  twe  parts:  basic  part  heads  toward  the  haad  of 
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chamber/caaiera,  and  cthar  -  tc  ictary  coll-sctcr/receptacla  9  at  thp 
end  of  thF!  nozzle  and  after  rotation  along  the  corresponding  channels 
also  to  the  head.  From  the  coolant  passage  the  fuel  enters  cavity  b 
between  average/mean  hottcm  3  and  fire  bottom  4,  while  from  it 
through  injectors  10  -  inside  the  combustion  chamber. 

Chamber/camera  ZhP.D,  which  work  on  the  diagram  "  gas-  liguid" 
and  "gas-  gas”,  consists  cf  head,  afterburner  (in  certain  cases  - 
combustion  chambers)  and  nozzle. 

As  it  was  shown  into  §  9.1,  in  the  diagram  "gas  -  liquid"  into 
the  chamber/camera  of  preccmbusticn  are  supplied  generator  gas  and 
liguid  propellant  component,  and  in  the  diagram  "gas-  gas"  -  reducing 
and  oxidative  gases  cf  twc  ZhGG. 

During  the  design  and  the  construction  the  chamfcers/cameras  must 
first  of  all  be  provided; 

a)  high  reliability; 

b)  large  specific  impulse; 


c)  low  mass  with  the  sufficient  strength; 
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d)  small  sizes/dimersions,  «SF€cially  alcntj  the  length,  since 
the  length  cf  chamber/ca irera  detemires  the  length  of  engine  as  a 
whole . 


Chambers/cameras  of  ZhRD  differ  from  each  other  in  terms  of  the 
ccir'r usticr.  chamber  ccrf iguraticr,  in  t^'-r^s  of  chc  tyca  of  head  and 
used  in  it  injectors,  in  rerms  cf  the  type  cf  tne  nozzle  (see  Chapter 
VI),  in  terms  of  the  methcd  of  the  coolina  (see  Chapter  XI)  and  in 
terms  of  ether  special  features/peculiar ities . 


Pig.  12.1.  Diagram  of  cylindrical  chamber/camera  with  coolant 
passage;  I  -  head:  II  -  cembustien  chamber;  III  -  nozzle;  1  -  intake 
pipe  of  oxidizer;  2  -  external  bettem  of  head;  3  -  averaga/mean 
bottom  of  head;  4  -  internal  (fire)  bottom;  5  -  outer  wall;  6  - 
internal  wall;  7  -  intake  pipe  cf  fuel;  0  -  inlet  manifold  cf  fuel;  9 
-  rotary  collector/receptacle  of  fuel;  10  -  fuel  nozzle:  11  - 
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oxidizar  r.czzls. 

Page  139, 

§  12.2,  Ccmbusticn  chamter  configurations  (afterburnings). 

Oil  the  geometric  ccir  bustic  r  chamber  cor.f  iguraticn  (a  f  ter  b  irninq  i 
they  subdivide  into  the  cylindrical  ones,  shaped,  spherical  cues  and 
ring  ones  (Fig,  12.2). 

Most  extensively  use  for  the  engines  of  the  most  varied  thrusts 
cylindrical  ccmbustion  chambers  (Pig,  12,3).  They  are  simple  by  the 
construction/design  and  they  are  net  complex  in  the  manufacture.  The 
constancy  of  cross-sect icnal  area  alcng  tha  length  of  such 
chamters/cameras  makes  it  possible  to  organize  the  effective 
combustion  of  propellant  components;  in  particular,  is  eliminated  the 
fermatien  of  the  stagnation  zones,  in  which  dees  net  proceed  the 
process  of  burning.  The  relatively  lew  outside  diameter  of 
cylindrical  combustion  chambers  lightens  their  use/applicat icn  in 
fflulticnamber  of  ZhRO  or  in  the  engine  installation,  which  consists  cf 
several  single-chamber  engines. 

To  shortcomings  in  the  cylindrical  combustion  chambers  in  the 
comparison  with  the  spherical  cnes  they  relate: 
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a)  ths  Icwared/reducc  J  str^ng^h  chararte  ri.;tics ,  j 
ircreasa  wall  thickr.ess; 


b)  the  greater  hydraulic  resistance  of  the  coolant 


c)  the  increased  surface  cf  ualls  whicr. 


passa  ge  ; 


Distinguish  isotaric  and  h ich-sceed/high-velccit y 
chambers/caoieras,  Iscbaric  are  called  combustion  charDcrs,  in  vh 
the  pressure  of  corabusticn  products  ever  their  lengtn  remains 
approximate ly/ftxemplarily  constant;  the  ratio  cf  cross-secticnal 
to  the  throat  area  of  such  chamfcets/cameras  /k/7«p>3. 


The  relation  indicated  call  relative  area  of  chamber  of 


combustion  and  designate  /k.  i.e 


Fig.  12,2.  Th<:  conil:  list  ic  n  chaah^r  ccr.f  i.g  urat  icr.s  :  a)  ar-  ny  l  i  nir  ica  1 ; 
b)  s6nii-h«at  nozzle;  c)  in  the  fcrir  of  zh?  shaped  taperinc  portion: 
d)  sphorical;  e)  ring  cylindrical  with  th<^  inner  body;  f)  rin.j 
toroidal  with  the  inner  tody. 

Page  190. 

Chambers/cameras  with  value  f^O  call  high-speed/high-v«locity . 
They  possess  the  so-called  thermal  resistance;  the  stagnation 
pressure  of  gas  at  the  end  of  such  combustion  chambers  is  less  than 
at  their  beginning;  this  effect  is  caused  by  the  delivery  of  heat  to 
the  flow  of  gas,  which  moves  in  cylindrical  pipe  [28].  With  the 
decrease  of  value  the  gas  velocity  and  the  thermal  resistance  of 
chamber/caoera  are  increased,  leading  to  the  appropriate  decrease  of 
its  specific  impulse.  Furthermore,  with  an  increase  in  the  velocity 
of  combustion  products  increase/grcw  losses  of  pressure  due  to 
friction  of  motion  in  the  ccmtusticn  chamber.  Therefore  for  safeguard 
of  one  and  the  same  pressure  cf  ccmbusticn  products  at  the  nozzle 
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entry  with  the  decrease  cf  value  /k  aast  respectively  raise  t  h* 
pressure  cf  cojiponer.ts  cf  the  prcpellant,  with  which  they  are 
supplied  into  the  combusticr.  chaiter. 

Linited  applicaticc  found  cylindrical  ccubustion  chambers,  in 
which  value  /«  is  equal  tc  one  (see  Fiq.  12.2c)  ;  ther  they  call 
semi-heat  nozzle. 

In  proportion  to  perfection  Zh5D  is  increased  pressure  Pk,  they 
are  imprcved  ceding  chaaber/caaera  and  the  ccnstruction/desi  gn  cf 
head  simultaneously  is  decreased  its  outside  diameter,  are  used  new 
components  cf  propellant  and  structural  materials.  In  this  case  is 
decreased  the  combusticr  chamber  vclume  and  increase/grow  the 
sizes/dimersions  of  nczzle. 

In  certain  cases  is  used  the  shaped  inswept  coabusticn  chamber, 
in  which  simultaneously  cccurs  the  combustion  of  propellant 
compenants  and  the  dispersal/acceleration  of  combustion  products  tc 
the  critical  speed  (see  Fig.  12.2c). 

Spherical  combusticn  chaebers  (see  Pig.  12, 2d)  possess  the 
smallest  surface  with  the  prescribed/assigned  volume,  which  lightens 
coding  chambec/camera  and  it  makes  it  possible  to  decrease  its  mass, 
including  as  a  result  of  smaller  necessary  thickness  of  walls. 
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Fig.  12,3,  Chd[nber/cain<:ra  ZhEC  FC-1C7  the  "§ast”. 

Page  191. 

The  injectors  of  such  chambers/canieras  place  cn  the  flat/plar.s 
bcttom,  and  also  on  the  preccfftcsticn  chambers  (ar.techambers)  ,  which 
make  it  possible  to  increase  surface  for  positioning/arranging  the 
in jec  tors. 

In  connection  with  the  relative  complexity  cf 
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con struction/iesign  and  technolcgy  cf  the  aanufactuce  of  soherical 
ccmbustion  chambers  and  the  absence  of  their  perceptible  advantages 
before  the  cylindrical  cnes  spherical  combustion  chambers  found 
limited  application  in  ZhFC. 

Annular  combustion  chambers  have  a  form  cf  the  cylindrical  ring 
(see  Fig.  12, 2e)  or  the  tcrus/Tcrr  |so€  Fig.  12. 2f), 

Annular  ccmbusticn  chambers  together  with  the.  nozzle  of  axternal 
expansion  (or  by  nozzle  with  the  inner  body)  possess  the 
series/number  of  essential  advantages  in  comparison  with  the  usual 
chambers/cameras.  Bases  cf  them  are  examined  in  chapter  6.  Other 
advantages  include  convenience  in  the  arrange lent/pcsition  of  the 
aggregates  of  the  feed  systen  cf  propellant  components  within  the 
inner  body  of  chamber/camera  and  possibility  of  designing  of 
efforts/forces  for  the  flight  control  of  rocket  vehicle  (during  the 
secticnal  constructicn/design  of  combustion  chamber) . 

The  greatest  effectiveness  of  ZhBD  with  the  annular  combustion 
chambers  is  assured  with  their  wcrk  on  the  high-energy  of 
fuel/propellant  (first  of  all  on  fuel/propellant  or  Fg  +  Hj)  . 


§  12.3.  Injectors 
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Li-iUld  pro^eliar.t  ccipcner.t^  are  introdac^i  insiae  the 
ccibustion  chamber  thrcuch  tne  in  ^ectcTs  which  Dzc.vid^  alsc  = 
ato mizat ior  cf  propellant  ccipcretts,  which  is  accom tan ied  bv  a 
significant  increase  in  the  surface  cf  drops. 

Are  iist  ir.iT  uished  twc  basic  tyres  of  t  r.  a  in^ectcrs;  'o*-  an  i 
centrifugal. 


The  jet  injectors  are  the  snail  accurately  carried  cut 
openings/apertures  in  the  fire  tettem  of  head.  Suer,  injectors  are 
preparad  alsc  in  the  forn  cf  separate  parts  with  their  subsecuent 
soldering  into  the  heads;  in  this  case  of  injector  they  differ  little 
from  each  other. 

The  jet  injectors  inject  liquid  in  the  fern  of  the  parallel  or 
colliding  streams  (Fig.  12,4). 

Output  nozzle  orifice  is  called  nozzle.  The  liquid  jet,  which 
escape/ensues  from  the  cc2zle,  is  at  certain  length  from  it  solid 
cone  with  small  (5-20°)  angle  at  the  apex/vertex.  Stream  decays  into 
the  fir.e/small  drops  under  the  effect  of  the  friction  of  stream 
agaicst  the  products  cf  cembustien  and  transverse  vibrations,  which 
appear  in  it. 
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The  3iajor  --iavar.taqe  cf  viith  t-he  ;-t  i ^  ^  c  *•.  c  r  j  ii  its 

relative  si-.pliciTy  ar.d  Icrj<?  capacity. 

Tn  a  capacity  cf  hf-ad  is  called  the  propellant  co:n;orer.  t  flow, 
passing  through  unity  of  the  surface  of  its  bettea  with  the 

- r  ?c r  1  /  c  Co  i  ;  r. :  ■  ■  ■  r  c  r  c  -  s  s  u  “  i  hr  "  '  • 


?cJG  192. 

The  jet  injector  has  snaller  si zes/diniensions  than  centrifugal. 
Therefore  per  unit  cf  injector  face  it  is  possible  tc  place  a  greater 
quantity  of  the  jet  injecters,  than  centrifugal  cnes.  Furthermore, 
the  coefficient  of  the  e xpendit cre/censu m ct ion  of  the  jet  injectors 
(see  pg.  200)  2.  5-3  times  mere  than  th^  coefficient  of  the 
experditurp /cor.sum  pticn  cf  the  swirl  in  j  act  ors.The  jet  injecters 
provide  the  relatively  greater  range  cf  streams  and  the  smaller 
thinness  of  atomization,  than  centrifugal. 

Injectors  with  the  colliding  streams  (see  Fig.  12.4b)  give 
f iner/sraaller  atomization  and  smaller  length  cf  the  zone  of 
atomization,  than  injector  with  the  parallel  streams.  But  the 
capacity  of  head  with  the  colliding  streams  is  less  than  at  the  head 
with  the  parallel  streams. 


! 

I 

'  Dec  =  -^  100  4  00? 

T  h  ?  b  1  c  c  x  0 
two,  tn four 

a)  the  bloci^s  of  n C22l3S  cf  cxiiizar: 


c)  bIcc-.5  with  the  cxiaizer  nozzles  sn  :  fuel;  the  latf<^r  ir.  a 
rumber  of  oases  they  prcvid<=  the  t'^st  or.  ara  ct  er  ist  ics  ir.  ccojariscn 
with  blocks  ir.dicatsd  above. 

The  block  of  injecters,  in  fchich  there  are  only  oxidizer  nozzles 
or  only  fuel  nozzle,  is  actually  the  men c propell ant  injector,  while 
the  clock  cf  the  oxidizer  nozzles  and  fuel  -  by  the  duplex-fuel 
nozzle , 


f  ir.  joorers  with  th-  collilir  ;  str-iir  car  ccrci.ct  cf 
or  ir^^c^crs^  ror^cvi-r  r!'*.  c'ir  i-'r  'j,3  r  \  i 
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with  the  parallel  streams;  b)  with  the  colliding  streams;  c)  with 
baffle  Dlates. 


Page  193, 


The  streams  of  oxidizer  and  fuel  can  be  supplied  to  flat/plane 
baffle  plate  (see  Fig.  12,4c);  the  thin  liquid  films,  which  are 
generated  with  the  spreading  of  the  streams  of  propellant  components 
on  the  plate,  collide,  providing  their  good  fragmentation  and  mixing. 

The  variety  of  the  jet  injectors  are  the  slit  injectors.  Their 
nozzle  has  a  form  of  annular  slot,  tut  not  circle. 

In  the  twc-com pcnent  slit  injectors  (Fig.  12.5)  annular  slots 
are  inclined  at  an  angle  to  the  axis  of  injector,  so  that  liquid  jets 
in  the  form  of  two  hollow  spray  cones  collide  between  themselves. 
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Tha  jet  injectors  sere  frequently  use  for  the  hypergolic  fuels, 
atd  also  for  tha  chamhecs/caser as  %ith  the  lew  area  heads.  They  ar? 
more  suitable  for  the  atcuizaticD  cf  propellant  ccBpcnents  with  tha 
relatively  lew  viscosity/ductility/toughness. 

Centrifugal  are  called  the  injectors,  in  waich  occurs  the 
torsion  of  liquid;  the  liquid  jet,  which  escaos  behind  their  nczzla, 
is  the  thin  conical  film  with  the  angle  at  the  a pex/ verte x  tc  120®, 
which  easily  decays  ir.tc  the  snallest  drops. 

Cantrifuqal  injectets  are  subdivided  into  the  tangential  ones 
and  the  auger  ones. 

In  the  tangential  injecters  (Fig.  12.6b)  the  liquid  is  twisted 
by  its  input/introducticn  threuch  cr.e  or  several  tangential 
eperings/apertures,  i.e.,  the  epenings/apert ures  whose  axis/axle  is 
directed  tangentially  toward  the  cylinder  of  tha  internal  cavity, 
called  the  chamber/camera  cf  twisting. 

In  the  auger  injecters  (cr  injeexors  with  the  swirler)  (see  Fig. 
12.6a)  liquid  it  is  twisted  due  tc  its  motion  along  the  spiral 
charnels,  cut  on  the  worn)  screw  (cr  swirler)  ;  liquid  enters  them  from 
the  rear  erd/face  of  worm  screw. 
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Fia.  12.6,  Swirl  injectors:  a)  auger  (with  swirler)  :  b)  tangential 


Page  194, 

Tha  swirl  injectors  prcvide  ficer/s mailer  atcmizaticn  and 
smaller  length  of  the  zone  cf  atoization,  than  jet.  Their 
shortcomings  are  relative  structural/design  complexity  and  smaller 
capacity. 


Centrifugal  injectors  analogous  with  jet  ones  are  subdivided 
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into  the  or. e-ccxp orient  ones  ai,^.  the  two-  oOid^or.ent  cne.b»  ii.  r. ne 
t wo-ccm por.° r.  t  swirl  in  ject'TS  (Ffp.  12.7)  the  crop®! Irr.'*:  cor  rcr.er.tr 
car.  be  mixed  both  within  the  ir'ectcr  (int-rnal  mixirj)ar.a  outside  i 
(external  mixing),  injectors  with  the  internal  mixing  frequently  ar ? 
used  for  the  chambers/cameras ,  which  work  on  the  nonspontanec usl y 
c  t  n  b  us*  ibl  -  i  ::  1  /  _r  r  c  v  •=  1 1  ^  r.  t . 

In  thf  ccmbirsd  duplex- furl  rcrzlr.s  are  combined  jet  and  swirl 
irjectors;  in  the  injector,  decicted  in  Fig.  12.8,  slot  fuel  nozzle 
is  placed  around  the  auger  centrifugal  oxidizer  nozzle. 

The  example  cf  the  cemposite  injector  is  also  injector  with  the 
worm  screw,  in  which  there  is  an  axial  opening/aperture,  be  jet 
injector  with  small  angle  of  spray  cene  and  large  range. 

The  use/application  cf  the  duplex-fuel  nczzles  decreases  the 
length  of  the  zene  cf  atciizaticn,  since  the  components  of 
fuel/propellant  in  essence  are  nixed  even  in  tha  liquid  phase  and 
therefore  more  rapidly  they  burr.  Furthermore,  the  capacity  cf  head 
with  the  duplex-fuel  nozzles  is  higher  than  at  the  head  with  the 
one -component  swirl  injectors. 
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Fig.  12.7.  Two-component  swirl  injectors;  a)  with  internal  mixing;  b) 
with  external  mixing. 


Fig.  12.8.  Twc-component  ccmpcsite  injector. 


Page  195. 

However,  the  duplex-fuel  nczzles  are  characterized  by  the 
increased  structural/design  complexity;  their  use/applicatior  leads 
to  the  more  severe  temperature  conditions  for  the  work  of  head,  as  a 
result  of  the  approximaticn/appioach  to  it  of  flame  front  due  to  the 
decrease  of  the  length  of  the  zcne  cf  atomization. 


The  propellant  component  flow  through  the  monopropellant 
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injector  is  wirhin  the  liirits  of  30-300  g/s,  and  for  rht  du pi “x- f u"  1 
nc22lrs  it  car.  reach  2.5-3  kg/s,  peripheral  fuel  !i022les  usually 
fulfill  with  the  greater  range  even  smaller  tc  by  20-30c/o 
expenditure /ccnsumption  in  ccmpariscn  with  the  basic  injectcrs, 
Expenditure/ccnsumpticn  through  the  cxidirer  nozrlas, 
arrar.aad/lccatf  d  cn  the  periphery  cf  head,  is  also  less  than  its 
ftxpenditurs/ccnsurrpticn  through  the  oasic  injectors. 

All  injectors  examined  ahcve  have  the  invariable  area  cf  norrle. 
For  the  engines  whose  thrust  it  is  necessary  tc  change  ever  a  wide 
range,  use  injectors  with  the  variable  area  the  nozzles  on  which  it 
is  possible  to  withstand/maintaia  an  aoprcximataly/e xamplarily 
constant  drop/juep  in  pressures  with  the  considerable  decrease  of  the 
propellant  component  flow.  The  area  cf  nozzle  in  such  injectors  can 
be  changed  with  the  displacement/Bcvement  of  special  stoch/red  within 
the  injector  along  its  axis/axle  and  with  the  overlap  of  blast  nozzle 
to  a  certain  degree.  In  the  twc-ccipcnent  slit  injector  with  the 
displacement/movement  of  cn«  stcck/rod  changes  the  area  of  the  nozzle 
of  oxidizer  and  fuel  (see  Fig,  12.5},  Possibly  the  use/application  of 
other  constructions/designs  of  injectors  with  their  variable  area  it 
puffed. 


§  12,4,  Heads  of  chambers/cameras 
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Thr?  head  of  chd.nLer/ca.nera  secv'^s  for  the  i:i  c/in  c  rod  uc  t  i  o  n  and 
th.<=-  cvsr.  5:  strife  uticr.  cf  propellant  ocr.por.r  nts  according  to  t  h'i  cress 
section  of  conbustior.  chatfeec. 


For  the  effective  va per izaticn ,  the  nixing  and  the  comfeusticn  cf 

t ^  c  c")  ^  r  o  ^  ^  3  c  f  '  r 1  3  ^  er  -  ^  ^  i  1  '  ,  •  ■  •  ? ; .  3  j  ^  r  'I  *”  i.  c  r.  its  i 

.■nust  previ'o: 

a)  th?  thin  and  uniform  atemizatien  cf  prop*allant  compenents, 
i.e.,  their  fragmentaticn  to  the  snallest  particles,  as  far  as 
possible  differing  little  from  each  ether  in  the  sizes/dinensions; 

b)  the  identical  value  cf  coefficient  x  in  entire  cross 
secticn,  with  exception  cf  a  wall  layer  (Fig,  12,9). 

The  value  cf  coefficient  x  in  a  wall  layer,  which  corresponds 
to  the  excess  of  fuel,  must  fee  also  in  the  possibility  of  constant  on 
the  perimeter  of  combusticn  chamter. 
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Fig.  12.9.  Graph  of  a  change  in  ccefficiant  x  in  the  radius  of 
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Page  196, 

For  satisfaction  of  these  conditions  in  the  head  it  is  necessary 
by  correspondingly  to  place  the  greater  pcssitle  quantity  of 
injectors. 

The  important  requirement,  presented  to  the  head  cf 
chamber/cam era,  is  the  urifcrir  specific  weight  flew  cf  propellant 
cempenents  ever  entire  cress  secticn  of  combustion  chamber. 

The  averags/mean  over  the  cress  section  specific  weight  flow  cf 
combustion  chamber  is  called  the  tatic  of  the  propellant  component 
flow  per  second  to  the  area  cf  its  cross  section 

(12.2) 

For  the  section  of  cross  secticn  with  area  of  A/„  the  propellant 
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coaporent  flo«  through  vihich  is  equal  to  tha  local  specific 

weight  flow 

r 

'  i/,  ■ 

The  hydraulic  losses,  ccriiected  with  the  delivery  of  propellant 
ccmpcnents  to  the  orifices  of  icjector,  must  fce  low.  Further  mere , 
head  must  possess  sufficient  strength  and  riiliity,  in  spite  cf 
weakening  of  its  bcttCTS  by  a  large  quantity  cf  c penings/ape rtur 9s 
under  the  injectors,  and  tc  alsc  provide  the  smooth 

starting/la unchirg  of  the  chamber/camera  (see  §  14.1)  and  the  stable 
process  cf  burning  in  it  (see  §  15.1). 

Most  extensively  are  used  flat  heads  (see  Fig.  12.3).  In  them 
are  used  the  jet  injectors  with  parallel  or  impinging  jets  (see  Fig. 
12.4),  and  also  the  swirl  injectors  (see  Fig,  12.7). 

Flat  heads  are  simple  by  the  censtr uction/design,  art  net 
complex  in  the  manufacture  and  sake  it  possible  to  provide  uniform 
specific  weight  flow  over  cross  section  and  required  distribution  of 
coefficient  x  in  the  radius  coshustion  chambers. 

Certain  shortcoming  in  flat  heads  is  their  relatively  low 
strength  and  rigidity.  Especially  this  relates  to  the 
chambers/cameras  with  a  large  diameter  of;  therefore  between  their 
external  and  average/meac  bettems  vary  ring  and  radial  stiffening 
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ribs,  and  external  base  fulfill  in  the  form  the  parts  of  the  sphere 
(see  Fig,  12.3). 

One  of  the  methods  cf  maintaining  the  necessary  conditions  for 
atomization  and  stable  fuel  ccmhusticn  in  the  combustion  chamber  with 
tha  significant  decrease  cf  its  flcv.  rate  and  in  the  invariable  ar^a 
blast  nozzle  is  the  supply  of  inert  gas  into  tha  cavity  of  tha  h=ai 
(i.e.  it  is  direct  into  the  propellant  components).  In  this  case  for 
the  even  distribution  and  the  mixing  of  the  liguid  components  of 
propellant  and  bubbles  cf  inert  the  phase  before  the  injectors  ara 
placed  special  grids. 

Page  197, 

The  construction/design  of  head  in  many  respects  determines 
reliability  and  specific  impulse  cf  cham ber/cam »ra  and  engine  as  a 
whole.  During  the  unsuccessful  ccrstructicns/designs  of  heads  are 
noted  the  following  defects  cf  chasbers/came ras  and  the  undesirable 
ccnseguences: 

1)  erosion  or  the  hot  spot  cf  chamber  walls,  in  the  first  place, 
in  the  critical  cross  section,  and  also  excessive  heat  fluxes  into 
the  walls,  about  which  testify  the  tracks  of  the  hot  spots  cf  wall; 
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2)  thi-  erosic-  cf  tb.'i  intr-::rial  sazfaa  zt  fir-'  Letter  ar,  1 
ar.'is/facss  cf  ir.^ercers  ac?  tc  the  effect  of  hot  cc’-Lasticn  proi'ictn 
cn  tr.em; 


з)  the  unstable  process  cf  fuel  cembustien; 

и)  r.;ir  ic  .vsr  s  ;/r  :  ; -j  re  1  s-ccific  rc-.jlse  cf  cha  r  car /care- r  a. 

In  proportion  to  the  decrease  cf  sizes  and  thrust  of 
chamber/catrera  the  effect  of  h«ad  cn  the  specific  impulse  and  the 
stability  cf  the  process  cf  burrieg  increases/grows. 

In  order  to  lower  heat  fluxes  into  the  chamber  walls  it  is 
created,  as  it  was  shown  intc  §  11.11,  a  wall  layer  of  combustion 
products  with  a  reduced  temperature. 

Fcr  the  excepticn/e liminat icn  the  erosions  of  the  internal 
surface  of  fire  bottom  and  ends/faces  of  injectors  increase  a 
quantity  of  fuel  nozzles  in  the  places  for  erosion,  is  used  porous 
material  for  manufacturing  of  fire  bottom  and  housing  cf  injectors  o 
they  will  bring  in  on  then  a  lajet  cf  thermo-insulating  material. 

The  processes  of  the  atemizatien  of  the  components  of 


propellant,  and  also  their  vaperization,  mixing  and  combustion  are 
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net  ye:  otuJied  to  s'ici.  Jc  jre^  that  wcalJ  have  th?  cayaijili'y  -c 
Tih^cr'^^l.C'ilLv  ?f  h-il.  Ther'fcr" 

th-  .;  e  V  e  1  on  ~  er.t  of  enoir.e  it  is  necessary  to  troiiic?  th-  *;asts  of 
several  versions  of  small  scale  ircdels  and  full-scale  heads, 
including  firina  tssts  cf  heads  in  the  compositicn  cf  chaober/caniara. 

:rr  t:.  -  ir.itral  tests  frequently  at  a  tatsn  tic  hcids,  -ch 
provide  only  the  moderate  spscitic  impulse,  hut  tney  ir-  ros'^ 
reliable.  This  mak^s  it  rcssitle  tc  conduct  the  tests  of  ':n9ine  as  a 
w:clr  in  parallel  with  the  finishing  of  head  and  chacner/carera.  In 
the  course  cf  finishirg  final  selection  falls  on  the  head  whose 
constcuction/design  gives  the  possibility  to  obtain  the  greatest 
specific  impulse  during  the  stable  fuel  combustion. 

In  a  whole  series  cf  the  cases  the  necessary  combustion 
stability  and  the  reliable  cooling  cf  ch amber/camera  is  achieved  only 
oy  certain  reduction/descent  ir.  the  specific  impulse. 

The  adjustment  of  the  construct ion/des ign  of  head  is  the  complex 
and  expensive  stage  of  works  during  the  creation  of  engine. 

§  12.5,  Methods  of  position! ng/atranging  the  injectors  on  flat  heads. 


The  even  distribution  cf  oxidi7er  and  fuel  according  to  the 
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cress  secticr.  of  coaibtis~icn  chanfcsr  is  achi<=v<=j  by  the  apprc:ria”- 
arrangenient/pcsitior.  cf  ir.jectcrs  cr  tha  haad.  Th  =  r?  are  several 
methods  of  uositioning/attanging  the  injectors:  cneckered,  heneycen; , 
or.  the  concentric  circumferences  arc  group. 

Page  198. 

With  the  checkered  (Fig.  ll.iCa)  injector  grid  cf  fuel  ar.d 
oxidizer  their  quantity  is  aepr  cx  iirately/exe  ir  pla  ril  y  identical;  to 
one  fuel  nozzle  falls  cne  (4x1/^))  cxidizer  nozzle,  since  lass 
oxidizer  consumption  usually  is  2-4  times  more  than  fuel  ccrsumcticr. , 
then  with  the  staggered  arrangement  the  flow  rates  through  the 
oxidizer  nozzles  and  fuel  considerably  are  distinguished,  which 
adversely  affects  carburetion. 

During  the  honeycomb  (see  Fig.  12.10b)  arrangement/pcsition  each 
fuel  nozzle  is  surrounded  by  several  oxidizer  nozzles;  to  one  fuel 
nozzle  fall  two  (6x1/3)  cxidizer  nczzles.  The  flew  rates  through  the 
injectors  differ  comparatively  little,  which  improves  the  carburetion 
of  propellant  components. 

With  the  injector  grid  on  the  concentric  circumferences  (see 
Fig.  12.10c)  on  the  head  are  alternated  the  circumferences  with  the 
fuel  nozzles  and  the  oxidizer  nczzles.  On  the  circumference,  which  is 
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located  on  the  periphery  cf  head,  are  ar ranjed/lccat eo  'he  fuel 
nozzles,  which  create  a  wall  layer  with  Icwered/icd  ucsl  t  iu.  p  ;  ra*.  jt' . 

During  the  group  arrangeirent/pcsiti  or  the  injectors  foro  groups, 
in  each  cf  which  is  included  the  specific  quantity  of  oxidizer 
00701“^'  ar.'^  fuel  (fcr  excTcIe,  in  ratio  a:  1  or  J;  1;  .h-h  o  *  '  : 
tneir  the  saae  mutual  ariangeaert. 

The  duplex-fuel  nozzles  usually  place  on  the  ccr.c=ntric 
circumferences. 

The  distance  between  the  swirl  injectors  is  determined  ty  the 
size/dimension  of  injectcr  itself,  and  also  by  the  ccaditiors  of  tha 
strength  cf  head,  which  is  decreased  by  drilling  under  the  irjectors. 
The  distance  indicated  is  selected  in  the  limits  of  12-30  mm.  The  jet 
injectors  place  at  the  substantially  smaller  distance  apart  -  to  3-d 
mm. 


neads:  a)  checKerad;  b)  hcnayccTb;  c)  on  the  concar.tric 
circuinf -renctiG. 

Kpy:  (1),  Oxidizer  nozzles.  (2),  Fuel  nozzles. 

Page  199. 

9  12.6.  Calculation  of  the  head  cf  chambfir/cairera. 

For  calculating  the  head  must  he  known  following  data: 

1)  density  and  the  visccsity/ductility/tcughness  cf  propellant 
ccmponants  at  a  nominal  temperature  with  which  they  enter  injectors 

2)  the  total  oxidizer  ccnsumpticn  and  fuel; 
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J)  r:h=  c;.i .T.e-:,2r  cf  •tho  hta  i  c£  chas  Eer/C3.:\  ; 

cylindrical  char i,t:r/ca.r.<r ra  it  is  c^jual  tc  ths  dia-r.sr. 
char-bsr  : 


the 


:cri:ustaor. 


4)  the  pressure  differential  cr  injecter  ip*.  i.e.  pressure 

r •:  r c ^  f  r.  r r. e  c a  v i f  v  c  f  •*  ;< i  i i  ’ e r  or  f ' ; 1  or  -  i  i  an'  i ^ 


iusticn  charier. 


An  injector  pressure  drec  usually  selects  in  the  limits  3-5  bars 
j-  —  3-5  kgf/cmz],  and  in  seme  ZhSC  -  to  30  bars  [—30  hgf/cm^'.  '3ith 
lew  pressure  differentials  deteriorates  tha  atomization  cf  propellant 
components,  and  the  process  cf  turning  becomes  unstable.  On  the  other 
hand,  an  excessive  increase  in  value  ip*,  without  improving 
substantially  the  atomizaticn  cf  propellant  components,  is  caused  the 
need  for  an  increase  in  the  power  cf  feed  system. 

In  ZhRD  with  the  large  targe  cf  a  change  in  the  consumption  of 
fuel  m  it  is  necessary  tc  select  large  injecter  pressure  drops  so 
that  and  with  the  work  with  the  lew  flow  rate  of  m  (and, 
consequently,  by  low  value  Ap^,)  would  be  reached  the  necessary 
atomization  of  the  stream  of  fuel/propellant. 

A  quantity  of  oxidizer  nozzles  and  fuel  which  can  be  placed  on 


the  head  with  its  prescri hed/assigned  diameter,  is  determined 
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graphically,  after  selectin'^  the  irethod  or  positioninj/arran^in  3  th 
injectors  and  the  distarcs  hetvieen  them  (sae  ^  12.5). 

Let  us  introduce  the  following  designations; 

rtoF  -ind  -  "  i;'i  ^=0  cf  cxidi:--r  noczles  ar.  l  tn'i; 

^oK.o  and  mr^  -  per-seccnd  flew  rate  through  the  ovii:.  zer  nozt 
and  the  fuel  nozzle. 

Values  and  deteraine  from  the  formulas 

jL  _ _ ^ 

^  * 

where  mon  and  -  oxidizer  consumption  and  fuel  per  second 
the  head  of  chamber/camera ;  they  are  xnown  frera  its  thermal 

Page  200. 

Calculation  of  the  jet  injector. 

»e  use  the  following  known  from  the  hydraulics  formulas  for  th 
escape  of  an  incompressible  fluid  from  the  opening/aperture: 


through 

design. 


(12.4) 


DOC  =  81009003  PAGE 

where  W  -  injection  velccity  cf  liquid  propelldr.t  ccinpor.ent  into  the 
ccnbustior.  chamber;  usually  x/s: 

m  -  the  flew  rate  per  second  cf  liquid  cropellant  component 
through  the  head; 

f  -  total  area  of  tlast  nc22ls£; 

p  -  coefficient  cf  flow  rate,  which  considers  jet  rcntractior. 
and  decrease  of  real  injection  velccity  in  cemparison  witn  the 
theoretical  due  to  the  hydraulic  resistance. 

The  coefficient  cf  the  flew  rate  of  the  jet  injecter  depends 
on  the  following  factors: 

a)  geometry  of  the  entering  edge  of  opening/apecture ;  fer  the 
sharp  edge,  especially  in  the  presence  of  barbs,  coefficient  p  is 
less  than  fer  the  edge  with  the  tevel/facet  cr  the  snocthly  rcunded 
edge; 

b)  the  purity/finish  of  machining  hole;  the  large  roughnsss  of 
bore  surfaces  leads  to  a  considerable  redact icn/dascent  in  the  value 
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c)  t:;k  relation  of  t  h  ^  1-ncth  of  injectct  4  to  diaffletet  of  it^s 
nczzie  ‘fc.  i.o.  rs  la  tier.  V^^c- 

In  the  sharp  anterirc  edge  and  relation  4/^c  =  0.5-f-1.0  the 
coefficient  of  flow  rate  p  is  equal  to  O.hO-0.65.  with  an  increase  in 
t  f  1  a  t  i  ~  d..  c  2  ~  ^  ■'  a  1  • :  •=.  „  '  r  -f  > "t  ■  "  :  •  a  o  ; 

3i;i\ult2  r  -  r -.sly  ire  incr-aased  .cocas  to  :na  friction.  It  is  exnadisnt 
to  select  ^ne  geometric  characteristics  of  jet  injector,  with  which 
is  provided  the  greatest  ccefficiert  cf  flow  rate.  This  condition 
satisfies  the  injection  c  f  en  ing/a  perture  ,  shewn  in  Fig.  12.11. 

For  the  determination  of  the  area  of  the  fuel  injection  or 
cxidizer  let  us  substitute  in  equation  (12.4)  axpression  w  from 
formula  (12, 3) : 

«=P/V'2i^,  (12.5) 

whence 

/= — 7^^=.  (J2.6) 
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Fig.  12.12.  Ciagraai  of  ccllision  cf  streams  of  oxidizer  and  fuel. 

Page  201. 

The  diameter  of  blast  nozzle  usually  is  selected  in  limits 
=:0.5h-3.0  cf  mm.  The  r.czzles  cf  smaller  diameter  it  is 
technologically  difficult  to  if dim  and,  furthermore,  they  can  be 

obstructed.  However,  are  conducted  the  investigations  cf 
micro-in jectcrs  (do<0,25'MMi.  of  the  ensuring  tetter  mixing  propellan 
components  and  large  completeness  cf  their  combustion.  Onder 
condition  dc>3,0  mm  with  more  difficulty  to  obtain  the  thin 
atomization  of  the  stream,  which  escapes  behind  blast  nozzle. 


After  determining  by  graphic  method  examined  above  a  number  of 
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oxidizsr  nczzlss  and  fuel,  it  is  pcssible  tc  calculate  the  area  of 
their  openings/apertures  (nozzles) 

f  _  /ok  .  f  _ /r 

J  OK.C *  J  t  C~^ 

For  the  head  with  the  ccllidinc  streams  cf  oxidizer  and  fuel 
angles  ook  and  a,  (Fig.  12.12)  select  in  such  a  way  that  that 
resulting  cf  stream  would  he  parallel  to  a/is/axle  chanber/catrera. 
Since  the  flew  rates  through  the  cxidizsr  nezzias  and  fuel,  and  also 
speed  of  their  injecticr  differ  fren  each  other,  the  condition 
indicated  above  is  reduced  tc  the  eguality,  which  escape /ensues  from 
the  law  of  conservation  cf  mcmentum 

sfn  a„=/n,  ^ir,sin  a,.  ( 12. 7' 

By  cne  of  the  angles  they  are  assigned  arbitrarily,  and  another  is 
designed  from  formula  (12.7). 

Calculation  of  the  swirl  injectcr. 

The  special  feature/peculiarity  of  the  wcric  of  the  swirl 
injector  is  the  fact  that  the  liquid  moves  in  the  injectcr  net  over 
entire  its  cross  section:  as  a  result  of  the  torsion  cf  liquid  along 
the  axis/axle  of  injectcr  appears  gas  vortex/eddy  with  the  pressure, 
equal  to  ambient  pressure,  i.e.,  tc  combustion  chamber  pressure.  The 
radius  of  gas  vortex/eddy  r^.t  is  Icwer  than  the  radius  of  blast 
nozzle  '"c-  Consequently,  liquid  flews  cut  behind  blast  nozzle  through 
the  ring  cross-section  with  the  area 

r?.). 
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Th*?  sp^ed  of  the  liquid,  vhich  “scapos  frow  the  svirl  ir^’ctcr, 
can  be  decomposed  or.  tlie  axial  ccapcnent  tt’a  ard  tangential  c c t)  jc  n-r. * 


Compcr.er.t  determines  fltid  flew  rat  e  through  the  i.r  7' c*  or , 
while  constituting  -  the  tersier  cf  liquid  by  injector. 


Page  202. 


Consequently,  volumetric  fluid  flew  rate  through  the  nozzle  ci 


the  swirl  injector 


-o=Uf',/,=\r',n  (r?—  r’,) 


v=Wafnrl, , 

where  *  -  coefficient  cf  clear  opening,  determined  according  to  the 


formula 


?  I  ^  . 


Hass  fluid  flow  rate  through  the  nozzle  cf  the  swirl  injector 
can  be  determined  accordieg  to  the  formula  which  in  appearance  is 
analogous  the  flow  equation  through  jet  injector  (12.5) : 


^♦=f‘/c  F'2a^. 


whe  nee 
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The  crcfficient  cf  the  flc’«  r^te  of  th‘-  swirl  ir.^rctcr  ^ 
or.  the  coefficient  of  clear  cter.irg  t,  i.e.,  from  the  clear  area  /* 


The  quality  cf  the  atonizaticn  cf  liquid  by  the  swirl  injector 


iff  ect  s 


.  -  ■<  I'  - 


:  c  r.  ?. 


of  liquid,  but  siniultarec usl y 
sizes/diaen sions  of  in jectcr. 


:s  incr"as=  is  iourcved  me 
.ncrease/grcw  the  necessary 


atcTira''icn 


The  values  2a,  ♦  and  ^  of  the  swirl  injector  depend  on  its 
geometric  characteristic,  which  is  the  complex,  which  links  the  basic 
dimensions  of  injector.  The  geciretric  characteristic  of  the  swirl 
injector  (Fig.  12,13)  they  designate  by  letter  A  and  they  determine 
from  the  following  formulas: 


a)  for  the  injector  with  one  tangential  cpening/aperture 


.  ^ll^c  . 

A  2  ^ 


(12. 10) 


b)  for  the  injector  with  a  cumber  of  tangential 
openings/apertures  i 


A—J^S^S.  • 

.  9  • 


c)  for  the  auger  injector 


(12. 11) 


•/i 


(12.  12) 
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-.ar.r':l; 


flew  area  of  one  channel; 


i  -  number  of  channels  (cr  the  approaches  of  worm  screw)  ; 


1 IX  ar.'Tle. 


with  the  increase  of  value  A  the  coefficients  *  anrl  m  sr® 
decreased,  and  angle  2a  irereases/grews. 


In  the  extreme  case  (with  A— >•)  we  have 

0> 

<p— .0  H  I*  — 0. 


Key :  ( 1)  .  and. 


Page  203. 


The  gr aph/diagram  of  the  dependence  p  and  2a  on  the  geometric 
characteristic  is  depicted  in  Fig.  12.14. 


Account  to  the  viscosity  of  liquid.  Relationships/ratios 


examined  above  are  valid  for  the  Ideal  fluid.  The  course  of  ideal 
fluid  in  the  swirl  injector  obeys  the  law  the  conservation  of  angular 
momentum,  since  the  moment  of  the  external  forces,  which  effect  on 
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that  the  mcment  cf  :nc:n« nt un  at  th=  r.ozzla  =ntty  proves  tc  z<^  I'^ss 
than  in  the  initial  part  cf  the  chaiber/canera  of  the  torsicn  of 
injector,  i.e.,  due  to  the  fricticr.al  forces  is  decreased  the  degre? 
of  the  torsion  of  liquid  and  as  a  result,  increases/grows  the 
coefficient  of  flow  rate  and  is  decreased  the  angle  cf  the 
atomization  of  liquid. 

For  the  account  tc  the  viscosity  of  liquid  instead  cf  the 
geometric  characteristic  cf  irjecter  A  is  used  lumped  characteristic 
^9K,  determined  according  tc  the  fctuula 

- .  (V2.  13) 

(^»x  ”  ^c) 

The  coefficient  cf  fricticr  x  fer  the  entry  conditions  into  the 


injector  is  designed  from  the  equation 

25.8 


lgX= 


(l8R«n)*'“ 


•2, 


[\2. 14: 


entry  into  the  injector 
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fig  .  12.  1  li. 


Fig.  12,13.  Tangential  injectcr  (cn  drawing  are  r a  nr  =  s= tasic 
gpotnetric  dimensions  of  injectcr). 

Fig,  12,14,  Dependence  cf  coefficient  of  flow  rata  p  ana  angle  of 
spray  cone  2a  on  geometric  characteristic  A. 


Page  204, 


Value  R»i  is  determined  according  to  the  expression 

4m^ 


Re«=- 


112.15) 


where  Hk.b  -  kinematic  viscosity  ccefticient  of  liguid  at  the  entry 
intc  the  injector. 


Order  of  calculaticn.  The  swirl  injector  is  designed  in  the 
following  sequence. 


1.  We  are  assigned  by  injector  pressure  drop  (see  pg.  199) 


JDC  =  S  IOC  9  00  3 
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selic*  cf  ate. 


ie  li.:i 


-  •'>n  -  ^  '  T 


.  j  G.  _'a  - 


(cest  f  r'-’n^r.-^lv  90-120°). 


3.  Knowing  angle  2a,,  on  graphs,  depicted  in  Fig.  12.14,  we 


•  Isar.  J  t'  gaatior  (12.9),  we  desicr.  ."-ctic.eal  area  of 
nozzle  and  then  diameter  ct  nozzle  according  to  forn’ila 


5,  We  select  srzes/diaensxcns  cf  injector. 

A  number  of  tangential  openings/apertures  or  approac;.:s  cf  worm 
screw  i  is  usually  taken  by  the  equal  to  2-4.  An  increase  in  the 
number  indicated  improves  the  distribution  of  specific  weight  flew 
according  tc  the  perimeter  cf  the  circumference  of  liquid  jet. 

Pelation  Raxl'c  they  take  as  the  equal  to 
apprexi  mate  1  y/pxeaplaril  y  2.5. 


Using  equation  (12.11),  we  determine  by  the  selected  values  of 
and  RuJr^  radius 
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Us'ialiy  raii'io  i£  ir.  ri,i  =  '.i,D5—! 

h,  rrr-  frr:iiula£  (12.15)  ar.d  (12.1-)  w  a  ia.-ijr.  ccefticient  of 
frirricr.  and  then  in  ecuaticn  (12.13)  -  lui(:ed  character istic  of 

injector  .'1^K■  If  characteristics  A  and  differ  not  aore  than  to 


A\i  ini  rat  cz  first  a c  :c  x  la  a  t  ic  r.  f n  y  arct;.;  as  the  fir.'-l  tn  ;i. 

If  tht  disa gr‘=e  T.ort  cf  characteristics  A  and  d-.,;  large,  than  ae 
taxe  for  the  basis  value  /13h.  cttaiced  in  the  first  a  p  f  roximaticn ,  and 
on  the  graph/curve,  depicted  in  Fig.  12. 14,  we  determine  the 
coefficient  of  flow  rate  taking  into  account  to  viscosity,  and  th»n 
sizes/dimensicns  re,  Rax  and  r,j  in  the  second  a  pprcximaticn/approach ; 
rrem  then  we  design  characteristic  .-Uk  in  the  second 
appro  xi  maticn/apprcach .  Usually  the  disagreement  of  values  .-Isk,  of 
those  obtained  with  the  first  and  second  ap creximati ens/a ppr caches , 
is  insignificant,  so  that  si  zes/diaensiens  r^.  Rax  and  rax,  obtained  in 
the  second  appro ximaticn/apprcach,  can  be  accepted  for  the  final 
ones. 

7.  Knowing  r^,  R,^  and  r„,  we  select  remaining  sizes/dimensicns  of 
injector  (see  Fig.  12.13) 

/„=(l,5^3)d„;  /,=(0,25-H],0)d,. 

Page  205. 


AO'A096  409  FOREIGN  TECHNOLOGY  DIV  WRIGhT-RATTERSON  aFB  OH 
CONSTRUCTION  AND  0CSI6N  OF  ROCKET  EN&INES»(U) 
FEB  B1  V  A  VOLODIN 
UNCLASSIFIED  FTO*IO(RS) T-OOGO-Bl 


840 


MICROCOPY  RESOLUTION  TEST  CHART 

NAIIONAl  IHIWIAH  Of  ,IAN(iAH[)s  10(>'A 


DOC  =  81009003 


PAGE 


The  height/altitude  (length)  cf  injectcr  h  vis  accept: 

a)  and  acre  -  for  the  tangential  injector; 

h)  ‘/♦"V3  the  space  cf  channel  or  are  mere  -  for  rh-  e:;  ;?r 
injectcr.  The  diameter  cf  the  chair ter/caner a  cf  torsion  is  egual  to 
A.  =  2(^„-LrJ. 

The  outside  diameter  of  injectcr  is  equal  to 

»+28, 

where  6  •  thickness  cf  the  chaatec  wall  of  torsion. 

Sizes/dioensions  6  and  In  are  connected.  Osually  are  selected  by 
6=1.5  om. 

Special  features/peculiarities  cf  the  heads  cf  afterburners. 

Depending  on  the  state  of  aggregation  of  the  propellant 
conponent,  introduced  inside  afterburner,  injecters  subdivide  into 
the  liquid  ones,  the  gas  ones  and  the  gas-liquid.  &as-liquid  are 
called  the  duplex-fuel  nozzles  into  which  one  component  enters  in  the 
liquid  state,  and  another  -  in  the  gaseous. 
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G’narator  gas  irsid€  aft^rturrer  is  intrcducfd  through  the  jat 
injectors. 

The  head  of  chaBiher/caaiera  2hPD,  that  work  cn  the  diagram  "  gas- 
liquid”,  can  be  represented  Itself  grid/cascade  with  the  radial  and 
ring  cross  connections,  moreover  windows  ar  ■>  th in  jrctcrs  of 
generator  gas,  and  the  injectors  of  liquid  ccirponent  are  placed  in 
the  units  of  cross  ccnnecticns. 

The  pressure  differential  cn  ths  jet  injectors  of  generator  gas 
is  small,  and  pressure  Ir  afterbuiner  large;  therefore  the  outflow  of 
gas  from  the  injector  sufccritical. 

§  12.7.  selection  cf  volume  and  relative  area  of  combustion  chambers 
(afterburnings) . 

The  combustion  chamber  volume  (afterburning)  must  provide  the 
necessary  retention  time  cf  ptcpellant  components  in  it,  moreover 
dimensions  and  mass  of  cfaamber/caaeca  must  be  low. 

The  combustion  chamber  vcluee  is  designed  from  its  reduced 
length  /up  and  conditional  retention  time  of  gas  in  the  combustion 


chamber  “fyca- 
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The  givfen  (cr  characteristic) 
the  ratio  cf  its  volume  tc  area  cf 

V. 


/  =— £. 


Page  206. 


length  contusticn  chamber  calls 
the  critical'  cross  sactica 


;  Tv 


'ar.  ce  ottairec,  after  iiviiiag  th«^  rass  of  gas 


cccLustccr.  char.ber  ir.tc  its  ricv  rate  per  seccnd: 

T  _  . 

•yCJ  •  “  % 

m 

disregarding  the  volum**  cf  liquid  propellant  components  in  the 
combustion  chamber  and  ccnditicnally  considering  that  gas  density  in 
entire  its  vclume  one  and  the  saae  and  is  equal  to  Or.  we  obtain 

t 

V, — ^  • 

Let  us  substitute  in  the  latter/last  eguaticn  expression  ^r  from 
formula  (4.4)  and  will  cccsider  relationships/ratios  (4.14)  and 
(12.16)  .  Then 

112.17) 

For  the  prescribed/assigned  ccaponents  of  propellant  and 
construction/desigr.  of  head,  etich  is  determining  the  quality  of 
carburetioc,  relation  can  be  considered  constant.  Consequently, 

the  conventional  retention  time  cf  gas  in  the  combustion  chamber  and 
its  reduced  length  are  found  in  the  directly  proportional  depandence. 


Values  tyc.1  and  are  determined  mainly  by  fuel/propellant. 


construction/design  of  head  and  by  type  of  diagraa  of  ZhRC;  for  the 
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majority  of  6ngin'?s  Tyca=(l,5-^5,0)  ICH  s  ar.d  /np— l,0-r-3,5  m,  smaller  valus 
Tyca  thsy  correspond  to  chaahtrs/camaras  with  large  pressure  p%.  With 
an.  increase  in  the  reduced  length  cf  combustion  chamber 
ir.creases/grows  the  specific  Impulse,  but  simultaneously  are 
increased  the  si zes/dimensiens  cf  cbamber/camera,  which  complicates 
its  cooling. 

For  tentative  calculaticrs  the  reduced  length  cf  the  cembustion 
chambers  of  7hPD,  which  werk  accetding  to  the  diagram 
"liquid-to-liquid"  on  the  f uels/ptcpellants  02*k.etosene,  Pz+'NHs  and 
it  is  possible  to  accept  1,5-2«5;  1-1. 5-1  m  with  respect  [to 
‘»]r  [17]. 


In  ZhPD  with  the  afterburning  cf  generator  gas  the  part  cf  the 
propellant  components  burns  preliminarily  in  the  gas  generatcr; 
therefore  the  necessary  reduced  length  of  their  afterburner  is 
1.3-1. 6  times  less  than  fer  the  ccebusticn  chambers  cf  ZhEtD,  which 
work  on  the  diagram  '*liquid-tc-liquid". 

When  selecting  of  the  optiial  relat ionship/ratic  between  length 
and  diaeeter  of  coebusticn  chanter  (afterburning)  is  used  its 
relative  area  /k. 

Besides  the  shortccmlngs,  ncted  into  §  12.2,  with  the  decrease 
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Of  value  /■  additicnally 
effective  atomization  of 
in  area  of  surface,  over 


teccaes  t*-  cra-'iza 

prcpellact  coaponents  due  i 
tihich  ate  f laced  the  . 


icn  of  the 
reduction 
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Pig.  12.15.  Dependence  c£  relation  lyniiyit  on  value  f-  when  ee—ioo 
(curve  1)  and  Sc  =  io  (curve  2)  . 

Page  207, 

Therefore  with  the  decrease  of  relative  area  the  specific  iapulse 
of  chanber/canera  descends  (Fig.  12.15),  which  is  noticeable  when 
7s<3  (especially  when  The  effect  of  the  relative  area  of 

coabustion  chamber  (afterburning)  cn  the  specific  impulse  when  7k>3 
can  be  disregarded/neglected  especially  with  the  high  expansion  ratio 
of  gas  Cc- 

Some  advantages  of  the  selecticn  of  low  relative  area  /k  include 
the  decrease  of  the  mass  cf  chaaber/caaera  and  the  facilitaticn  of 
its  cooling  (is  decreased  the  necessary  thickness  of  the  coabustion 
chaaber  walls  and  its  surface,  which  it  is  necessary  to  cool). 


Relative  area  fu  can  be  deterained  on  the  selected  specific 
weight  flow  cf  ccabustlcn  chaaber  froa  eguaticn  (12.2),  which  talcing 
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into  account  foraiuias  and  (12.1)  can  b-s  written  in  the 

fcllcwiny  fern; 

:2. 18' 

Since  for  this  fuel  coaplex  0  can  be  considered  constant,  then 
with  an  increase  in  pressure  Pk  the  specific  weight  flow  cf 

cc  -  r ';?t  ion  chamber  a  Iso  ir.cr  eas5s/'~rcws. 


Relation  rjp^  is  called  relative  specific  weight  flew  ar.l 
designate  '‘p.  i.e. 

or  taking  into  account  equation  (12.18) 

'•-h- 

If  for  the  fuels/propellants  used  coaplex  8  is  equal  to 
1700-2400  r*s/)cg  [--  170-240  kG*s/kgj,  then  when  /K=2-i-6  relative 
specific  weight  flow  constitutes  (C.1-0.2)  10*’  Jcg/(N»s)  [—(1-2)  of 
10-3  kg/(kg.s)  ]  [17]. 


To  the  value  indicated  for  the  cylindrical  cbambers/caaeras 
corresponds  the  ratio  of  the  length  of  cenbustion  chaaber  tc  the 
diaaeter  of  its  cylindrical  part  4/^.,  equal,  1. 0-1.5. 
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Page  207. 

Chanter  XIII. 

■!»EED  SYSTEMS  OF  LIOrilD  FFOPELLAST  COMPONENTS. 

Construction/design  of  ^haa  to  a  considerable  degree  depends  on 
the  systen,  with  the  aid  of  whica  is  created  a  pressure,  necessary 
for  supplying  the  liquid  propellaat  coapcnents  into  the 
chanber/canera.  In  ZhPO  are  used  ic  essence  pr«>ssurizat jon  and  punp 
feod  systens. 

In  the  pressure  feed  systaa  che  pressure  in  the  fuel  tanks  is 
acre  than  in  the  engine  chaabet.  OU  with  the  pressururized-propellant 
feed  are  siaple  and  reliable,  but  thay  have  large  aass  ratio  cf 
tanks. 

Page  208. 


In  ZhRD  with  the  systea  cf  coapcnent  the  f uels/propellaats 
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froM  th®  tanks  ar»  supplied  lazc  tare  si,  given  by  gas  turbina. 
Turbopump  aggregates  ccaplicata  ccnscricticn/i.^sign  2hRC  and  its 
operation.  In  the  presence  cx  TSA  appear  t ha  problens,  connected  with 
the  work  of  bearings,  packings/ seals,  by  reter  balancing. 

How®v®r,  pump  feed  sysnaa  ccsfc='3s»s  ♦ s  'rs/r.unbsr  cf 
advantages. 

1.  Necessary  pressure  in  tanics  is  smell  -  usually  2-u  bars  [?e.2-4 
kgf/tB*1.  Th«r®fore  DO  wixn  the  pump  fail  system  have  substantially 
smaller  specific  mass,  than  OU  with  th»  pressurization  system. 

2.  Engine  power  rating  can  he  comparatively  easily  changed, 
changing  number  of  revcluticns  cf  shaft  of  TNA. 

3.  Is  possible  creation  of  iarga  pressures  of  propellant 
components  with  relatively  low  dA.aensions  and  mass  TNA. 

Propellant  components  into  tne  angine  chamber  can  be  supplied  by 
jet  pumps,  or  ejectors  (Pig.  13.1).  Phis  system  was  for  the  first 
time  proposed  by  R.  E.  Isiolhovsxiy  in  1914.  In  the  jet  pump  the 
oressure  of  liquid  propellant  ccapcr.ant  is  raised  (as  a  result  of 
ejection)  by  the  supplied  (carrying)  gas.  This  pump  consumes  greater 
gas  flow  rate  per  second,  than  turoine  of  TNA,  but  its 
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const ruction/d^sign  Is  siaplat  and  reliability  is  abov«  as  a  r-ssult 
of  the  absence  of  rnofcile  parzs.  i'urtheraore,  for  the  work  of  jet  pump 
is  required  low  pressure  in  cha  canks. 

The  jet  pump,  lifting  woricing  body  of  which  is  liquid,  but  not 
qas,  usually  is  used  as  tna  auxiliary  unit,  which  .-nakes  it  pcssible 
to  improve  charact^'-r' sties  of  r.'Ja,  namely  to  raise  the  permissible 
numb»r  of  revolutions  of  shaft  of  TNA  as  a  resul*  of  an  increase  in 
the  pressure  at  the  entry  into  tha  canzrifugal  pumps  (see  §13.10), 

In  the  rocket  vehicles  with  farge  tctal  impulse  /i.  which  include 
the  boost-qlide  vehicles  (space  aiccraft),  use  pump  feed  of 
propellant  components,  while  in  tat  rocket  vehicles  with  low  h 
(space  vehicles  and  ships)  -  pressurization. 

During  the  design  cf  concrete  rocket  vehicle  is  selected  that 
feed  system,  which  with  the  prasccibed/assigned  characteristic 
velocity  or  total  impulse  /j  prcvxaes  the  smaller  initial  mass  of 
vehicle  and  greater  relation  /i/may.  Relaticns  himjy  must  be  compared 
at  optimal  pressures  Pk  fox  tha  pressurization  and  pump  feed  system. 
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Fig.  13.1.  Schematic  cf  j<3t  puat  (fcjecrtor)  . 

”3  0*  20'^. 

Prosj!'ir“  sys-^^m  x*  io  tx^ediant  tc  usa  3t  ccnparaiiv^ly  lew 

pr*»ss(jr3s  Pk  -  ’iFiially  20-25  cars  [»20-25  kaf/c^f^'}  also,  for  th<? 
propallar.'^  compon?»T!ts  witn  cae  increased  density  (F^*N2H4;  Fj^-nHs; 
OFj+B^Hft,  «»tc,)  and  alsc  with  ’ch<*  calatively  short  operating  time  of 
angiao.  In  certain  cases  are  selected  the  pressure  feed  system  in 
view  of  its  large  simplicity  and  tne  reliability,  in  spite  of  the 
Lower  value  of  the  characteristic  velocity  cf  rocket  vehicle. 

Into  the  feed  systems  or  che  components  cf  the  propellant  of 
engine  installations  enter  different  valves,  chckes/throttles  and 
regulators  from  description  of  which  it  is  expedient  to  begin  the 
examination  of  the  systems  indicated. 

§13.1.  Valves. 

Valves  are  intended  for  discovery/opening  or  overlapping  those 


DOC 


PAGE 


or  i.iH  of  *:h  -  maip-?  cf  en^jina  iiiacallat  icr. 
cases  have  *vo  ''peratir^  fcsiticns:  "it  is 


and  in  rh?  it  a  j  or  it  y  of  tha 
ccer.rd”  and  "closed''. 


To  the  valves  DU  present  the  xollovfing  basic  requirements: 


1)  ■'-h-'  h’  ih  r'=l:arili”7  ci  cJrjration; 


2)  low  power  necessary  tor  tne  operation; 

3)  small  hydraulic  resistance; 

4)  complete  airtightness  xa.  the  closed  position. 

Fig,  13.2  depicts  the  valve  ox  the  simplest  construction/design, 
which  consists  of  the  hcusinj,  disc  valve  and  spring.  In  the  absence 
of  pressure  or  at  a  low  pressure  at  the  entry  into  the  valve  the 
spring  forces  disc  valve  against  saddle,  in  this  case  in  the  place  of 
contact  is  developed  the  necessary  specific  pressure,  which  ensures 
the  airtightness  of  valve  in  the  closed  position,  with  pressure  rise 
at  the  entry  into  the  valve,  for  example  during  engine  starting, 
grows  the  force,  which  effects  on  the  disc  and  equal  to  the  product 
of  pressure  on  the  flow  passage  cross-sectional  area  of  intakn 
connecting  pip®  1  with  diameter  a.  When  this  force  exceeds  force  of 
compression  of  spring,  disc  will  move  away  from  the  saddle  and  valve 


IS  cpen -sd/d 5.sclosf^'l ,  This  vaxvi  is  call’d  reversp/invorse.  Th<? 

®f f oct/ac*ion  of  chack  valva  lies  xr.  the  fact  that  with  an  increase 
in  the  line  pressure  at  tne  aucj-ut/yi  aid  frcni  it  (in  connecting  pioe 
11)  or  with  lowering  fn  the  prassuie  in  th'*  connect  i  ng  nip®  1  waive 
is  closed,  without  allcwing/assuiting  the  flew  of  liquid  or  gas  in  the 
opnnsite  direction. 


i' 


0 


7ia .  13.2.  The  ch'rc'c  v^lvd:  1  -  J.nt.a<e  connecting  pipe;  2  -  saddle;  i 
-  u  -  disc;  5  -  housing;  o  -  sprir.g;  7  -  b<=ir.g  guided;  d  - 

c!57«'r/cap;  9  -  nly;  10  stccli/rod;  11  -  output  ccr  r.®ct  in  g  pipe. 

Page  210. 

Valves  can  be  classified  according  to  the  following  signs, 

1,  On  kind  of  nediua:  liguici  valves  (among  them  it  is  necessary 
to  isolate  valves  for  cryogenic  components  of  propellant  and  working 
media m/propellants)  and  valves  or  net  and  cold  gas. 

2.  On  normal  position  of  valve:  "it  is  normally  opened", 
"normally-closed"  and  "normally  partially  opened".  Normal  is  callsd 
this  position  of  the  valve  in  which  it  is  located  in  the  absence  of 
any  effect  on  it  frem  without  (i«e.  without  the  pressure,  without  the 
supply  of  control  current,  etc.),  check  valve  examined  above  is  the 
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®xnnple  of  nom?.!! y -closesd  valv^#  and  also  th®  ^xaapl®  of  t'~<~ 

urqtu-’.clad  valv«.  Tha  pcsiticn  of  catck  is  dat^rmi.nci  by  the 

pressure  of  coniponen^  ct  propellant  or  working  mediutn/propel lant  at 
the  entry  in  them. 


T’r  ■>  Ta  ■jo  r' t  i  - 
another  the  dr'  v®  vh 
(independent  o“  line 
valve)  to  create  the 
cpene<3/d^  sclosed  or 


'"t  valves  irj  crntrnlled,  i.e.,  they  hava  one  -jr 
:ch  at  tna  iccuiric  acnent  of  time  can  forcedly 
cressure  on  wnich  is  established/installed  the 
force  under  effect/action  of  which  the  valve  is 
is  clcsad. 


3.  According  to  type  of  drive: 

a)  valves  with  electric  drive;  force,  necessary  for  opening 
either  closing  of  valve,  it  is  created  by  electromagnet,  or  sclenoid 

b)  valves  with  pneumatic  drive;  such  valves  have  control  cavity 
into  which  at  required  mcment  of  time  is  supplied  any  compressed  gas 
(air,  nitrogen  or  helium)  ; 

c)  valves  with  hydraulic  drive;  into  control  cavity  of  such 
valves  is  supplied  under  pressure  any  with  liquid;  for  this  purpose 
frequently  select/tak®  small  part  of  cne  of  basic  components 
oropellants  (usually  fuel)  from  main  at  output/yield  from  pump; 
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d)  val7«s  tk®  pyrocscaaic  irivs  (pyrctschnic  valves)  ;  they 

are  opan^d/d’ sclosad  or  ar^  closed  by  the  fcrc®  cf  pressure  of  the 
oases,  which  are  generated  witu  the  coabustion  of  a  small  quantity  of 
pyrotechnic  charge  in  the  contrcl  cavity. 

4.  In  nunner  of  operations:  valves  of  one-tiair  and  repeats  \ 
operation . 

The  valves  of  one-time  opatation  include  the  pyrotechnic  valves 
and  the  membranes/diapbragas,  aim  distinguished  the 
aeabtanes/diaphragas  of  the  frae  breach /in rush  (burst  open  by  the 
pressure  of  propellant  componaat  itself)  and  the  membrane /diaphragm 
of  forced  breach/inrush. 

Valves  with  electrical,  paeuaatic  or  hydraulic  drive  are  the 
valves  of  repeated  operation.  After  the  cutoff/disccnnection  of 
feed/supply  of  electromagnet  or  coepression  release  from  the  control 
cavity  the  spring  returns  valve  to  the  initial  positicn,  after  which 
it  can  again  operate/wear  during  tne  supplying  cf  control  signal. 


Page  211 
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5.  According  to  desi jaat lun/furposa ;  r^versa/invars* , 
s^artlng/1?'.!''.''''^  r.g,  r'i*cif,  aa^n  turl,  draicag?,  dr ain-reserva, 
falling  and  Ira'n’n  j,  -rxc. 

Starting/launching  call  taa  acraal ly-closad  »alv#s  during 

d5  scev*  ry /on- r.  rng  of  whicn  ta-^  ^ rOt  *  1 1  an*  ro  np-nort  cr  ri  ‘'od  / 

‘»n*«rs  the  aain  or  which  zm/  ate  estaolishe d/i nst.a lied , 

Cutoff  are  *ha  roraall/  open  valves,  which  rapidly  cov«r  wain 
and  ceasing  thereby  the  entrance  or  conponent  of  propellant  or 
worklrg  BediuB/propellart  into  toe  aggregate,  before  which  they  are 
established/installed. 

In  a  number  of  cases  of  functioning  the  s^arting/launchlng  ar.  1 
cutoff  valves  it  can  perform  cne  valve.  Such,  in  particular,  are  the 
aain  fuel  valves,  adjusted  oo  the  oaslc  mains  cf  compcnvnts  cf 
propellant  (from  th«  tacks  to  the  engine  chamber) . 

Drain  valves  are  iotendad  for  drainage  (i. e.  letting  out, 
throw-out  into  the  envircnoent)  of  the  compcnents  of  propellant, 
their  vapors  and  so  foith/Tlia  drain  valves  cf  the  system  cf  coding 
mains  orj  with  the  cryogenic  propellant  components  are 
opened/disclosed  in  the  procass  of  cooling  (in  this  case  valves  on 
the  entry  into  the  chambec/caaaca  and  ZhGG  are  closed)  and  are  closed 
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Ur<»c*ly  befor®  engine  startinj, 

Dr»ir.-r«3»rve  valves  (0?Kj  STb  ^stabli  sh?'1/install«d  b3  bhe 
tanks,  and  also  on  th«  sain  fcr  tn*  ? xcapticn/^liainaticn  of  bh? 
excess  of  the  orasccibv d/asslgasd  prsssure  in  thea. 

As  -.be  -starting/launcniag,  cutoff,  aa.rn  and  drain  val7»s  in  is 
possible  to  us^  valves  vith  pniusatic,  nydra'ilic  and  pyro-.echnic 
dr*  va. 


Drain-reserve  valves  are  actually  th«  check  valves,  which  by  ^ 
of  trial  and  error  of  the  comsfondlng  spring  adjust  to  the  specific 
pressure  (pressure  of  adjustaant);  with  its  excess  the  valve  is 
opened/disclosed,  and  cverprassuce  bronzes  frc»  the  tank  or  the  aain, 
which  prevents  their  destruction  or  other  inadslssitle  ccnsaquences. 

Tha  constracticn/deaign  or  taa  senbran ■/diaphrags  cf  fr*e 
breach/inrush  (fig.  11.3)  and  its  lastening  in  the  joint  aust  provide 
the  guaranteed  strength  and  aictigatcess  to  the  requited  pressure, 
and  with  the  excess  cf  design  pressure  the  seshrane/diaphragt  sust  be 
torn,  for  facilitating  cf  explosion  and  decrease  of  spread  the 
bursting  pressures  cn  the  aeahrane/diaphrags  sake  cot,  usually  in  the 
fora  of  arc.  ulth  this  fera  of  cut  is  allsinatcd  the  possibility  of 
the  breakaway  of  the  Icba/luj  of  cue  seabrane/diaphrags:  the 
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me  inbran*/Jlf» ohraqm  bursts  opaa  cr.  ch»  Jut,  ®cr?cv-r  termed  th® 
loh-a/l'iq  of  a®obran€/diaphra*im  is  aabent  ty  rha  fluid  flow  or 
qas. 

Valws  with  •l^ctric  drlwa  acts  fraquently  is 

?st  ibliabp  Vi^s*.all®‘i  in  z:i~  aiins  of  jas;  such  valves  ar-?  called 
“lectrionl  air  oaflratei  vaivas  (£i?K)  . 

Pane  212. 


Lat  us  exaaine  opsratinj  priocipla  BPK  with  drainage  (Pig. 

13.  tt).  During  th«  supplying  of  direct  currant  to  the  coil  appears  the 
■agnetic  field,  which  is  strengthened  by  yoke  (core)  free  soft  iron. 
Araature  is  a*:tracted/ti ghtened  to  the  yoke,  and  the  eaergent 
ef^oct/force  through  the  stock/rod  epeas/discloses  foot  waive  and 
closes  overhead  valve,  in  tais  case  the  gas  can  f low/cccuc/last 
through  the  valve.  During  de-en«rga.zi ng  of  coil,  i.e.,  after  the 
disappearance  of  aagnetlc  field,  tae  soring  returns  the  systea  of 
valves  to  the  upper  position,  sc  tnat  the  duct  cf  the  gas  through  the 
valve  ceases.  Since  ever head  valve  is  opened,  then  gas  froa  the 
cavity  or  the  nain  bronzes  tnrough  the  drain  holes  into  the 
environaent. 


F?K  with  drainage  extensively  use  in  the  aains  of  valve  control 
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wi*-h  «rh-<  pneania^ic  drive  (Fi^.  U.s).  7alve  is  closed  by  the  force  of 
th''  coapressed  spring  and  ny  tiie  fitssite  of  prop«llant  ccapcncnt  cn 
‘■ha  disc  of  valve,  Durlrg  the  suppiyin;  of  the  ccntrolling/g'iidin'; 
gas  the  force  of  pressure  cn  tn«  piston  opa ns/discloses  valve  and 
holds  It  in  the  open  position,  fcitn  th»  compression  release  from  the 
control  cavi-^.y,  for  axaiple  ay  cperatijn  l?'<  with  drain  -r-,'.'/-- 

is  again  closed.  In  this  valve  the  control  cavity  is  isolated  from 
the  lieuid  nroneiian'*’  ccmpcnont  bj  th®  cavity,  which  is  communicate  i 
with  the  environment,  but  spring  dees  act  contact  with  tha  propallant 
component.  The  control  cavity  on  tes  piston  and  the  cavity  of  liguii 
component  on  the  stock/red  are  boxmatically  sealed  by  rubber  gaskets. 

The  example  of  main  fuel  valves  are  the  valves  which  in  the 
normal  position  are  closed  under  the  eff ect/acticn  of  spring 
strength,  and  with  the  work  of  engine  are  opened/disclosed  under  the 
effect/action  of  the  increasing  prtssure  at  their  entry  and  are 
closed  during  the  supplying  the  gas  pressures  in  the  control  cavity. 
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Picj.  n.1.  l«Tibrana/'1f  achra  3a  of  fr®^  or  2p  rh/i^.rueh . 

13. U,  Scrhaaa^lc  ef  <ii«(C%ricai  air  operataij  valv«  (BPK)  :  1 
spring;  2  -  lo«»«r  saddlaj  3  -  output  connecting  pipe;  tt  -  uoper 
saddle;  5  -  yok«  of  •lactroaagnat ;  6  -  aagn«t  ceil;  7  -  arnatur 
stock/rod;  9  -  drain  hcles;  10  -  ovechtai  valve;  11  *  intake 
connecting  pip-;  12  -  feet  valve. 

Pag-  213, 

Valves  with  the  pyrcteciinic  drive  (pyrotechnic  valves)  are 
fulfilled  by  those  by  norealiy  epeted  and  ncreally-clcsed. 

Moreally  operod  by  cutoff  pyrctacnnic  valves  (Fig,  13,6) 
consists  of  housing  v**-a  the  saddlt.  vaiva  and  -xploslve  charge. 
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■/alv?*  is  hel'1  in  the  open  position  wita  th«  aii  cf  ths 
??•  3  hr  an  e/df.aphragin ;  fcr  tiio  it  is  pcssrtlT  t.c  us*  also  a 

t?.T.  Th3  C'lrr^rt,  <"lcw<Eg  tnroagh  ths  not  wire,  h«ats  it  and  ignites 
♦•ha  inflanmaM*  pyrotechnic  ccafosition,  placed  around  the  filament. 
The  formed  flame  priming  charge  or  tha  axplcsive  charge  (Fig.  13.7), 
ro'-h’ist'’'on  nrol'ict?  cf  waich  ttar  taa  bottom  of  hcusir'i  =ind  ac-. 
on  val'/s  soindl*,  sharply  mcving  it.  The  aisc  of  valvar  is  in 

the  ^aidle,  hermetically  sealing  valva  after  its  operation. 


The  norm all 7- closed  startiag/launching  pyrotechnic  valve  (Fig. 
13,3)  is  the  ■embran^/didphraga  cx  forced  broach/inrush.  Such  valves 
usually  are  established/installod  in  tha  entry  in  the  main  of  engine. 
Valve  operates/wears  during  the  supplying  of  current  to  explosive 
charge  5,  The  combusticn  products  cf  tha  charge  cf  explosive  charge 
act  on  diaphragm  4,  in  this  case  it  is  deflected  and  moves  knife  2, 
which  shears  tags  3  and  cuts  through  the  membrane/diaphragm  1.  The 
s<»mbrane/diaphragB  is  urtant  under  the  pressure  of  the  propellant 
component  which  enters  tba  main  cf  engina. 


?iq,  13,5.  sch®«atic  of  valve  vita  paeuadtic  driv®:  1  -  intaka 
competing  plp«;  2  ~  output  coanteting  pip?;  3  -  stcck/rod;  «  - 
oiston  packing;  5  -  ccrn«ctiug  pip*,  of  iallv?.rY  cf 
ccntrolling/guiding  pressure;  6  -  piston;  7  -  spring;  8  - 
packing/seal  of  stock/red;  9  -  saddle;  10  -  ferrule;  11  -  disc. 

Fig.  13.6,  Diagram  of  normally  epet  cutoff  pyrotechnic  valve:  1  - 
explosive  charge;  2  -  teabrane/diapheagm ;  3  -  stock/rod ;  4  -  disc  of 
valve;  5  -  intake  connecting  pipt;  6  -  saddle;  7  -  output  connecting 
pipe. 

Page  214, 


Such  valves  in  contrast  to  tnt  membrane/diaphraga  cf  free 
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breach/inrush  operate/wear  ac  t  be  tc^uirad  nicmant  cf  ti  n®  duri.tq  t  h  ■• 
supply^  na  of  th'?  corr«£  pending  ccarnar.  d/ersw ,  what  :  ?  th-ir  gr  rat 
advantage. 


§13,2.  Regulators?,  chokes/throtties  and  sersers. 

To  the  regulators  and  tne  choK‘’3/tdrott Its  carry  such  agcr‘;?.tao 
of  autonation  with  the  aid  of  which  change  tha  parameters  DD  or 
rocket  vehicle  as  a  whcle  on  pceaeter mined  program  or  flowina  signals 
of  coctrol-syst'sm  eguipient,  i<ith  the  aid  cf  seme  regulators  in  th'’ 
known  limits  are  maintained  the  pressura  or  the  flow  cf  gas  or 
liquid.  Regulators  HD  are,  for  example,  pressure  reducers  of  gas. 
Regulators  and  chokes/throt ties  mast  possess  operating  speed,  i.e., 
time  from  the  delivery  c£  the  ccamand  on  them  to  its  acccmpl ishing 
must  be  low. 

Pressure  reducers  cf  gas.  Rhen  must  be  constant  pressure  in  the 
tank,  from  which  continuously  is  expended/censumed  liquid  component 
cf  the  propellant  (or  liquid  it  is  working  body),  sc  that  the  volume 
of  gas  cushion/pad  increases/ grows.  Is  used  the  pressure  reducer  of 
gas,  adjusted  between  the  gas  cenrainer  high-pressure  and  the  tank. 
Pressure  reducer  provides  with  the  low  error  (to  C,  15o/o)  the 
or® scribed/as signed  gas  pressure  at  the  output/yield  from  the 
rwductor  despite  the  fact  that  the  pressure  at  the  entry  into  it 
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crntir.'i-^usly  falls  as  a  rasulr  ct  ih  2  outflow  of  gas  from  th« 
tank/balloon,  Th®  gas  ptessuce  oa  tha  tank/ba lloon  ir.  th<?  beginning 
of  the  work  of  engine  aust  ba  suastantialiy  higher  than  the  reguirei 
pr®ssur<a  gas  In  the  tank,  Towari  tte  ena  of  tho  work  cf  engine  the 
gas  oressure  on  the  entry  incc  tba  redactor  must  to  certain  value 
exceed  oressure  at  tvc  c  u  ti:  ut// ielu  froo  th^  r^fuotcr  and, 
cor  s=  ail -r  tl  w,  also  pr^ssura.  in  taa  tanx.  Gas  pressure  drop  cr  th  = 

O'*  luctor  is  necessary,  since  pctcisely  via  different  degree*  of 
throttling/choking  (breaking)  gas  is  provided  the  work  cf  rcductor. 
In  proportion  to  d“cca pression  ct  gas  in  the  tank/ballocn  the  degrte 
of  throttling/choking  ccntinuously  is  decreased. 


- 


Pia.  13.7.  Tig.  13.8. 

P'q.  13.7.  Explos'v*  charge:  1  -  jcttoj;  2  -  charj^;  3  -  housina;  4 
plv;  5  -  r.u*.;  fi  -  hr.salator;  7  -  ii.flaTCiiaol“  ir.r r'*- nr^ ;  8  -  hot  wirt. 

Pig.  13.8.  Normally-clcsed  startiag/launching  pyrotachnic  valve 
(neabrane/diaphragm  cf  forced  oteach/inr ush) :  1  -  meabrane/diaphragm 
2  -  knlfp;  3  -  tag;  4  -  diapataga;  5  -  axplosiv*'  charge. 

Page  215. 

Throttling/choking  gas  in  the  rsductor  is  accomplishad/raalized 
in  transit  through  the  throttling  cross  sacticn,  which  is  the  narrow 
annular  slot  between  the  valve  and  the  saddle,  with  the  decrease  of 
size  of  slit  the  degree  of  tarottiing/choJcing  gas  is  increased,  and 
its  prassure  after  the  throttling  cpaning/apert ure  is  decreased,  and 
vice  versa. 

Deoending  on  that,  in  waich  direction  relative  tc  the  direction 
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(Tf  t'ls  inctirn  of  gas  is  opendd/diocloseJ  the  valve  of  redactors,  then 
subdivided  th'*  redactors  cf  tha  direct  and  revers®/:  nvcr  r  * ' 

effect/action.  In  th®  redactor  cr  the  direct  effect/action  the  vaiv-a 
is  opened/disclosed  in  the  diracticn  of  th®  flow  of  gas,  while  in 
back-action  redactor  -  in  the  ofi-osits  direction.  Mere  frequ«nt  in  CD 
arc  'ISP  ’  r®ducaz3  cf  cac.t-actr:  n. 

In  the  pressure  reducer  of  rack-action  (Fig.  13.9)  it  is 
Dossrble  to  isolate  three  cavities:  ths  cavity  of  high  and  lew 
oressure  and  subnenbrane  cavity,  if  adjusting  screw  1  is 
established/installed  to  suen  position  in  which  on  the 
aenbrane/diaphragm  3  dees  not  act  the  force  or  this  force  is  low, 
then  the  valve  of  reducter  under  the  effect  of  pressure  in  the  cavity 
of  high  pressure  and  force  cf  cemprsssion  of  spring  6  is  closed.  So 
that  the  redactor  would  enter  the:  effect/a cticn ,  i.e,,  it  provi  ded 
th®  constant  prescribed/assiyned  pressure  at  the  output/yield  froir  it 
with  the  decrease  of  pressure  at  the  entry,  it  is  necessary  with  the 
aid  of  the  adjusting  screw  to  adjust  spring  2.  Mobile  system  the 
memfcrane/diaphragiB  -  stccK/rod  -  valve  at  each  given  moment  of  the 
work  of  redactor  occupies  such  position  in  which  the  force  of  spring 
2  is  balanced  by  the  sua  of  three  forces,  which  effect  in  the 
opposite  direction: 


a)  the  force  of  pressure  of  gas  on  th^  membrane/diaphragm  in 


\ow  'iir®  V ^  ^  y  • 

b)  the  force  of  spring  b; 

c)  the  force  of  pressure  of  gas  from  the  side  cf  high-pressur® 
c»v'.ty . 

Th?  selec't’^on  o^  this  com  press.' on  springs  by  the  adjusting 
screw,  with  which  at  the  outpur/yxeld  from  the  reductor  is  provided 
the  prescribeci/assigned  gas  pressure,  call  the  adjustment  of 
reductor. 

In  the  process  cf  the  wore  ox  pressur®  reducer  of  gas  in 
high-pressure  cavity  ccntinuously  xs  dacraased,  which  leads  to  the 
disturbarce/breakdowTt  cf  equilibrium  of  the  forces,  which  effect  on 
the  mobile  system;  therefore  it  is  continuously  acved  upward, 
increasing  area  throttling  openings/apertures  and  providing  the 
constant  gas  pressure  at  the  output/yiald  from  the  reductor  by 
decreasing  the  degree  cf  throttling/choking. 
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Paq«  21^. 


Frq.  13.9.  Fig.  13.  '0. 

Fiq,  13,9,  D^.agram  of  p^cssara  rtaucsr  of  gas:  1  -  ad  justing  scrow; 
2,  6  -  spring;  3  -  a^mbrane/aiapar ags ;  4  -  output  ccnnscting  pipe;  5 
-  intalt*  connecting  pipe;  7  -  stocJc/rod;  a)  high-pressure  cavity;  b) 
throttling  opening/aperture;  c)  low-prassure  cavity;  d)  subaeabrar.e 
cavity. 

Pig,  13,10,  Schematic  cf  chcxe/tarctcli  with  shaped  nsedla:  1  - 
intalce  connecting  pipe;  2  -  piston;  3  -  connec*ing  pipe  of  delivery 
of  controlling/guiding  pressura;  4  -  spring;  5  -  stcck/rod  with 
shaped  needle;  6  -  output  conndccing  pipe:  a)  cavity  cf  propellant 
component;  b)  cavity  of  ccntrcllxng/guiding  pressure. 
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Piq.  13,11.  Pequlator  of  pressuce  constancy  of  supply  of  propsllant 
coBoonsnts;  1  -  connecting  pipa  of  dalivery  of  ccntrolling/quiding 
gas;  2  -  sprang;  3  -  b«=llo¥s;  4  -  s^ocic/rcd;  5  -  intake  connecting 
pipe;  S  -  valve;  7  -  outpux  of  connector;  a)  output  cavity;  b) 
throttling  cross  section;  c)  drilling  in  stock/rod;  d)  intake  cavity; 
e)  cav'ty,  connected  with  cueput  cavity;  f)  cavity  cf 
contrelling/auidirg  gas. 

Pig,  13,12.  Diagram  of  signal  indicator  (relay)  of  pressure;  1  - 
connocting  pipe  of  delivery  of  pressura  of  cempenent  cf  propellant  or 
gas;  2  -  membrane/diapkragm;  3  -  push  rod;  4  -  lever;  5  -  spring;  6  - 
electrical  chains;  7  -  contacts  a)  dynamic  cavity;  t)  static  cavity. 


If  on  any  r«?ason  the  ga^s  pce&sur-^  in  Icw-pressnre  cavity 
daviatas  frcm  the  orpscrihed/assignoi  /alu®,  then  di.sturbs  balance 
itself  of  the  forces,  uhicn  arfecc  on  ;ne  t  chile  system,  c  *  •  * 

time  in  the  case  of  derreasinj  tna  pres^sure  at  the  oiitput/yie l  i  ;r.:.7i 
the  redactor  is  decreassd  tha  fcxce  of  pressure  ef  gas  cc  the 
membrane/diaphrag*  and  tcrce  cf  ccnpcessior.  cf  spring  from  the  sic- 
of  adjusting  screw  moves  aobila  systam  upward,  which  leads  to  the 
recovery  cf  required  pressura,  and  vies  versa;  consequently,  the 
reqatrad  pressure  at  the  outpur/yield  from  the  reductor  it  is 
maintained  by  constant  auroaaticaxly. 

The  adjustment  ef  reducroc  car.  be  changed  both  before  engine 
testing  and  with  its  werk.  In  rh«  latter  case  to  the  adjusting  screw 
it  must  be  connected  any  ieaa  (for  example,  electrical). 

Pagulators  and  chekes/tnrotties.  Into  composition  DO  enter  the 
actuat5.ng  elements  of  the  systems  which  change  in  certain  range,  and 
also  maintain  with  constants  the  fluid  flow  rate  or  gas,  coefficient 
X  and  other  parameters. 
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Th'^  fluM  “lew  ra+-s  or  j  u  car.  na  chan-j'*  !  vitr.  cholc'?/'thrcttl 2 
jL*:''  ‘•h®  shap»d  n6-3^1=  (rij.  1J.  lo;.  Wirh  the  d  is  placaaent/mc  ve^a'sr.  t 
of  ns»eile  changes  flew  area  J€twc«ix.  th»  saddle  :>rd  the  valv®  ar. 
cor.s*qu«*ntly ,  also  fluid  flow  rate  er  jas.  can  be  taoved  undar 

•^he  gas  pressure  or  liquid,  whicn  effects  cn  the  piston  froa  the  sii»» 
of  rhe  control  cavitv.  'Jsin  :  c.\~  or  i.'. '">.rr  t rr  o'i  1 -,/a  irf  oil  of 
it  is  possible  tc  errain  Cm?  nuc-ssary  changs  in  the  floid 
flow  rate  or  gas. 

For  the  safeguard  cf  ccadxtioc  x=ccsnt  or  charge  of  coefficiant 
within  soae  limits  install  cncite/thrott le  the  systems  SOB  ip  main 
cf  cne  of  the  orcpellart  ccayooents,  which  during  the  supplying  of 
control  signal  changes  tc  tha  nscassar/  degree  the 
expenditure/consuaption  cf  conpeueot. 

FOOTMOrs  SOB  -  system  of  cha  synchronous  emptying  of  tanks. 
EtfDFOOTMOT?. 

The  regulator  of  the  pressure  constancy  of  the  supply  of 
coaponant  of  propellant  (fig.  1i.  11)  provides  its  constant  pressure 
in  the  output  cavity  at  an  invariable  pressure  of  gas  in  the  control 
cavity.  The  coapenent  througn  ccnnectiag  pipe  5  enters  the  intake 
cavity  d  and  through  the  throttle  cross  section  b  -  into  the  output 
cavity  a.  Regulator  has  the  aooile  systea,  which  censists  cf  bellows 
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3,  stock/rod  4  with  drillinj  c  w<ixvt»  6.  Drilling  c  connects  cavity  a 
with  cavity 


Spring  2,  b«llowa  3  th«  arwa  cf  valve  6  can  be  selected  sc  that 
in  the  case  of  changing  the  prassuxe  in  cavity  a,  i.e,,  pressure  at 
outn'it/y'’ eld  from  tne  rejuiatot,  disturbs  balance  itself  cf  th^ 
forces,  whi.ch  effect  ct  tne  aooila  systea,  and  it  is  aoved  toward  cf 
decrease  or  increase. in  the  thretriing  cress  section  b,  as  a  result 
of  which  the  prescribed/assigned  4;tes3iira  in  cavity  a  is  restored. 


Sensors  of  systems  CU.  In  systeas  DU  are  included  the  sensors, 
which  supply  into  the  ccntrcl  sysetm  the  signal  about  the  achievement 
of  the  upper  or  lower  allowed  value  of  the  parameter  (pressure, 
temperature,  the  number  cf  revolutions  of  turbine,  etc.)  or  the 
signal,  proportional  tc  the  value  cf  the  measured  parameter. 


Page  218. 


The  signal  indicator  (ralay)  of  pressure  (Fig.  13,12)  has  two  cr 
three  pairs  of  the  centacts  whica  are  connected  with  the  aid  of  the 
transmission  gear  through  the  posa  rod  with  the  aemhrane/diaphragm. 
Under  the  pressure  of  liquid  or  gas  tha  membrane/diaphragm  is 
deflected,  which  leads  tc  tha  closing  of  contacts  (for  tha  signal 
indicator  with  th»  ncrmally  open  contacts)  cr  tc  breaking  of  contacts 
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(for  ths  signal  indicator  i^ita  nocuall/  closed  contacts),  aith 
decompression  the  contacts  r6Sj>€Ctiv6ly  art  broken  cr  are  closed. 

513.3,  Peed  systems  with  tna  gas  stecage  tank  cf  pressure. 

The  gas  storaie  tank  of  trassure  (aQ)  consists  of  tank/fcallcot 
with  the  compressed  gas,  pressare  reducer  of  gas  and  valves. 

Fig.  13.13  depicts  diagram  DU  of  one-time  inclusion/connectior. 
with  AD  gas.  Th»  tank/tallcon  A£  jas  thay  service  high-pressure  by 
compressed  gas  through  valve  3,  Sagioe  is  included  ty  valve  opening 
h.  Gas  passes  through  the  psesscre  reducer  by  5,  where  its  pressure 
descends  to  the  assigned  magnitude,  oraaks  through  the 
membranes/diaphragms  6,  are  opaned/disclostd  check  valves  7  and  it 
enters  tanks,  as  a  result  of  waich  the  pressure  in  them 
incraases/grows.  Upon  reaching  ci  zbs  prescribed/assigned  pressure 
they  are  closed  the  contacts  of  pressure  indicator  by  8,  in  this  case 
oasses  the  command/crew  to  the  discovsry/opening  of  main  valves  10. 

The  prescrl bed/as signed  mode/cccditicns  of  wcrk  ZhRD  is  provided 
by  the  adjustment  of  reductor  5,  and  the  required  fuel  component 
ratio  -  by  tuning  disks  11. 

Engine  is  turned  of f/disco nnectad  by  the  coverage  cf  valve  4  and 


'sain  valves  10, 

Th^  B^nhran^^s/diap nray  13  o,  <tajusted  !•'  *h''  cor i*i;  ts/aanif olds, 
which  supply  gas  in'^r  th«  tanns,  ^Aiiiaati  the  contact  of  fuel  and 
ozjdizir  to  «r.gine  startin'a,  and  cnecic  valves  7  fulfill  the  same 
'unctic”'.  iurir  ?  t'-e  wcru  jt 

Oaually  systems  with  AJ  jas  aapoly  ja.-?  irt'^  -  .  ♦:»T)ts 

continuously  during  entire  ooeratino  tine  of  eriir';.  “owever,  such 
systais  can  work  also  in  the  puisto  oparaticn,  in  this  case  is  not 
required  the  pressure  reducer.  In.  this  case  in  the  coniuit/ianifoll, 
which  supplies  gas  free  the  t^ak/oAlloon  into  the  tanks,  is  installed 
the  valve,  and  on  upper  tottoi  cf  ore  of  the  tanks  -  two  pressure 
indicators. 


?io,  13.13.  Dfagraa  DO  with  thd  jas  storage  tank  cf  th^  pr*ssur“;  1  - 
drain-raa<irw«  Talv®;  2  -  tamc/taj-Aoen  4ith  th«  conpress-ad  gas;  3  - 
filling  valv^;  4  -  cutcff  vaivj;  5  -  prissure  r«duc!»r  of  gas;  6  - 
burst.  I^afraqa;  7  -  ch^ck  vaxva;  d  -  pressnr®  indicator;  9  -  valve 
with  th^  ql-vc^ronagn-t ;  10  -  aaoji  valvjs,  which  have  the  system  of 
drive  from  one  cost rol ling/guiaitg  pis;on;  11  -  tuning  disks. 

Page  219. 

One  signal  indicator  it  is  adgusted  on  liniaally,  and  another  -  to 
the  aaxiaua  permissible  pressure  ix.  th«  tank.  9ith  decoapressicn  in 
the  tank  to  that  the  ainisaliy  psraittjd  they  are  closad  the  contacts 


DOC 


FACE 


of  pressure  iniicator  and  passes  coasaad/crew  to  valve  cpenisq. 
Pressure  in  the  tanks  tegins  ro  grow,  mi  upon  reaching  of  the 
aaxinuH  pernissible  value  on  tne  cicsiag  of  contacts  of  o’^her  sijr.al 
indicator  valve  is  closed  and  sc  forth. 

sys^-a-n-i  yi.*h  At  jaj  jcsstss  high  reliability  ar.  i  f  it  i  ^ -t 
siaclicity,  it  is  aost  fir.isuai  and  ?xtensively  they  are  is«i.  ?cr  DJ 
with  the.  gas  storage  tank  of  pressur-  is  sufficiently  sisnl?  th: 
safeguard  of  aulticlying  of  angina  and  a  change  in  its  thrust. 

However,  systess  with  tae  gas  storage  tank  cf  pressure  possess 
the  relatively  larger  »ass  cf  gas  and  tank/ballocn  (as  a  result  of 
the  high  initial  gas  pressure)  and  ace  used  in  essence  for  the  engine 
installations  with  the  stall  tarust  ani  the  lew  total  iaoulse. 

The  systes,  which  uses  as  the  pressurizaticn  gas  air,  is  called 
systes  with  the  air  pressure  accusulatur  (VAD) . 

In  the  engine  instailatloas  wrta  7AD  with  the  preheating  (Pig. 
13.14)  the  air,  which  enters  tae  tanks,  is  heated  by  the  heat,  which 
is  Isolated  as  a  result  of  reacting  the  burning  of  liguid  fuel  and 
oxygen,  which  is  contained  in  the  air.  For  the  reliable  work  of  th » 
feed  systee  of  exddizer  intc  its  tank  mst  act  enter  unburned  fuel. 

Is  Dossible  the  use/a?p  llcaticn  or  ethir  aetheds  of  heating  the 


DOC  * 


FACE 


displacing  gas  b<»for=  its  supply  the  tanks, 

S»li3C+ion  r>f  an  initial  s-ccrag'*  pressure  and  of  th®  cyp«  c- 
DTPssurizaticn  gas.  For  deccaasing  the  voluae  of  tank/tallccn  it  is 
desirable  to  select  large  initial  gas  pressure.  Furthermore,  with  an 
increase  in  ^he  gas  cress'ira  to  caitaii  limit  - 

approx' matelT/exemplari  ly  tc  JiO  oars  [2.350  kgf/cm*  ]  -  is  prcvidad 
gain  in  ♦‘h®  mass  of  tank/balioc a.  iha  grea^  »r  gas  pressure  tc 
inexoelient I7,  since  si aultaneocsij  with  the  decrease  of  the  volume 
of  tank/balloon  to  the  ncticaaole  aegrje  is  increased  its  wall 
thickness,  osaally  the  initial  prassur)  of  pressurization  gas  in  the 
tank/balloon  is  selected  in  tfaa  ixaits  from  200  bars  [k200  kgf/ca*l 
to  350  bars  [*1350  kgf/Ci*]«  For  taa  convenience  the 

arranoeaents/positlons  in  the  rocKtt  vjhicle  in  certain  cases  use  not 
one,  but  several  tanks/ talicons  with  ta»  compressed  gas. 


Fig,  73.14.  niagraa  DCT  with  VAJ  with  t.ia  praheating:  1  -  small  tank 
with  the  auxiliary  liquid  propaiiatt  component;  2  -  tank/ballcon  with 
thf»  ooapressed  air;  3  -  cutoff  valve;  i  -  pressure  reducer  of  gas;  5 
-  preheating  chamber  of  air. 

To  C\rArri'>^. 

Page  220. 

As  the  displacing  gas  cf  the  pressure  accumulators  serve  air, 
nitrogen,  helium  or  hydrcgen.  If  prcpsllant  ccmponents  can  react  with 
oxygen,  which  are  contained  in  the  air,  and  is  absent  the  separating 
device  between  the  coopcnents  of  propallant  and  the  compressed  gas, 
then  instead  of  the  air  (cheapest  working  medium/prcpellant)  are  used 
the  inert  gases;  nitrogen  or  baliun. 
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D'lria'j  the  ^li'^placcJieat  of  li-^^uLa  ouyojenic  prcuella?." 
coTpor-a*s  w' th  •‘•h^  a;  .’  cf  air  or  rJ  crojen  the  latter  ar-^  coded,  are 
condanee’  and  at®  dissclved  in  tne  faei/ pc^pe  llant,  in  cot  seqa^r.  ce  of 
which  the  flow  of  the  dispiaciag  jas  io  necessary  to  increase. 
Therefor®  cryogenic  compcnenis  it  is  profitable  to  displace  by 


;ossio  Ife  i.oi  line  rc  i  rC 


I  -  L  1  '1  ff’  It  1 


or '' f t  a  hlo  tr  i.tc  also  icr  taa  JiSflacioen*:  cf  ncncrycge.iic 
oronellant  cciiiDonent s ,  since  at  one  arl  th'  sat®  vcliin®  of 
tank/balloon  and  pressure  in  it,  as  a  result  cf  the  less  density  cf 
helium,  its  n®c®ssary  mass  is  a  pprexi  matel  y/e  xr  mpla  ri  ly  7  *ixes  lower 
tnaii  the  mass  of  nitreoen. 


The  additicr.al  advantage  of  heliua  ov®r  air  ar.d  by  nitrogen  lies 
in  the  fact  ♦hat  the  tenperaturs  ct  nsLiun  during  the 
thrcttling/choking  ir  the  pressure  redicer  : ncroascs/grows,  while  for 
air  ar.d  nitrogen  it  is  decreased.  Th8r3fore  ut?  lizaticr.  of  helium 
instead  of  nitrogen  cr  air  gives  a  considerable  reduction/descent  in 
♦h®  mass  of  feed  systeir.  Seme  saortcomings  in  helium  are  its  high 
cost/value  and  great  tendency  coward  the  leakages. 


813. h,  peed  systems  with  the  liguid  ani  solid-propellant  gas 
generators. 


In  the  pr®ssure  feed  systams  ar®  used  mono-  and  di-com?caent 
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ZhOG;  is  possiblf^  the  utiiiziticn  of  tnree-ccaiconent  Zr.GG. 

The  displacing  gas  in  DU  rfith  one-com pcnent  ZhGG  is  foraed  as  a 
result  of  decorapos ition  of  aaditional  liquid  coaponent  of  the 

oropelLart  (for  «»xa!npl^,  peroxide  of  hydrogen  cr  hydrazine 

,  suppl?ed  to  the  cas  qiaarator  froa  *-he  soecial  saall  tark. 

Fig.  13.  shows  the  scneaatic  of  engine  installation  with 
di-component  ZhGG,  estafclished/installed  on  the  upper  bottoms  of 
tanks.  In  ZhGG  cf  the  fuel  tan.<  ox  component  the  fuels/propellants 
are  supplied  by  selecticg  tha  tuning  disks  with  the  excess  of  fuel 
(ao«—0,3-i-0,4),  while  in  ZhGG  of  oxidizer  tank  -  with  the  excess  of 
oxidlzar  (aoK=»3e-6).  so  that  the  temperature  of  the  displacing  gas  would 
not  exceed  the  values,  permitted  for  the  material  of  the  walls  of 
tank.  Therefore  temperature  in  ZhGG  does  not  exceed  1 30 0-  1  SOO'^K.  Th<= 
shield,  placed  in  th«  Uffen  part  ox  each  tank,  decreases  the  sfi^-ct 
of  the  stream  of  comtusticn  products  on  the  surface  cf  propellant 
components  in  the  tanks. 

The  displacement  cf  propellant  components  of  both  tanks  with  the 
aid  of  one  ZhGG  is  dangerous  to  thosa  that  in  one  of  the  tanks  occurs 
the  afterburning  of  coxtustioa  products,  which  can  lead  to  the 
explosion;  for  example,  combustion  prolucts  ZhGG,  which  contain  the 


t'xcess  of  fuel,  after  the  entrance  into  the  oxidizer  tank  will  burn 
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out  in  it. 

Page  221. 

In  the  systi^nis  with  tna  sclid-pr opellant  gas  generators  th® 
c^nnor^nts  rif  f u*l/prccall,\n-  are  a5,s?lacp'1  frcm  tar.<3  rv  r'- 

oombustirn  products  of  sclid-pccpeilant  grain. 

Engine  installations  with  TGG  (Fij.  13.16)  start  by  the  sunoly 
of  electrical  signal  to  the  igniter  of  the  charge,  placed  in  gas 
generator  2,  Generating  ccacuscicn  products  teat  the 
aerabrane/diaphragB  4,  which  aerietically  seals  cavity  TGG,  and  they 
fall  into  the  nnits  of  input/introd action  3,  placed  in  the  gas 
cushion/pad  of  tanics.  During  me  pressure  buildup  in  unit  3 
ooerates/wears  chech  valve,  and  conbusticn  products  begin  to  enter 
tank,  in  this  case  they  eove  in  essence  in  parallel  to  the  surface  of 
propellant  coapon«nt,  exerting  cxij  small  influence  on  it.  Chech 
valves  in  units  3  divide  the  gas  cushions/pads  of  tanks  from  each 
ether,  including  after  engine  cutoff,  which  is  especially  necessary 
for  the  self-igniting  f uels/propeliants.  Open  reaching  cf  the 
ore scribe d/as signed  pressure  in  the  tanks  they  are  closed  the 
contacts  of  pressure  indicator  by  5,  as  a  result  of  which  passes  the 
comaand/crew  to  the  discovery/opening  of  aain  valves  cf  engine. 
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Fig.  13.1*5,  Di’igram  DO  with  nwo-coaponant  ZhGG;  1  -  ZhGG  of  fupl 
tank;  2  -  shi-sld;  .3  -  tank  wita  auxiliary  propellant  conponents;  4 
ZhGG  of  oxidizer  tank. 


Kay;  (1)  .  In  the  chatnber/caaari. 

Pig.  13,16,  Diagram  DO  %ith  TGG;  1  -  drain-reserve  valve;  2  -  TGG;  3 

-  unit  of  input/intrcduction  of  ccmbastion  products  TGG  into  tank;  4 

-  membrane/diaphragm  TGG;  5  -  pressure  indicator. 


Key:  (1).  In  the  chaaber/caiiera 


} 


P.CE 


Paafl  222. 

Usually  solid  fuel  has  an  excess  af  fuel.  Therefore 
3’'li  !-pr''p=llaT'.*  qas  qrnerators  i-c  -s  sxpadi^r.*  t  ■;  use  for 

3plaoa!T!-»st  cf  fuel.  The  ciiapiaccuert  of  cxidrzir  cr  .nonoprcpellar.r 
by  the  coabustion  products  of  charce  of  TGG  is  ianqerous  due  to  the 
possibility  of  their  afterbueninq  in  the  tank.  Therefore  for  the 
target  ircr^asos  in  the  reliabilitj  of  DU  for  the  d isplacenent  of 
oxidizer  use  separate  TGG  with  the  solid-propellant  grain,  which  has 
the  excess  of  oxidizer,  or  provide  for  separating  device. 

However,  in  certain  cases  it  is  possible  to  allow/assuine 
afterburning  in  the  tank,  if  this  does  not  decrease  the  reliability 
of  the  work  of  engine  installatico,  since  in  this  case  is  decreased 
the  necessary  flow  of  the  displacing  gas.  In  the  extreme  case  the  gas 
cushion/pad  of  tank  can  serve  as  peculiar  liquid-gas  generator,  if  we 
supply  to  the  surface  of  liquid  coapenent  fuel  into  the  oxidizer  tank 
and  the  oxidizer  into  the  fuel  tach. 

Of  all  types  of  pressururized-propellant  feed  greatest 


structural/design  simplicity  possess  tha  systems  with  the 
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solii-propellant  gas  generators.  Zurtharmora,  TGG  provide  the  rapid 
output/yield  of  engite  tc  the  acaital  rating,  for  which  together  with 
the  basis  is  used  start ing/lauachir.g  of  TGG  with  the  solid-propellant 
grain,  which  has  high  rate  cf  ccaousticn.  The  combustion  products  of 
the  charge  of  starting/launchinc  ct  TGG  priming  charge  of  basic  gas 
generator  and  they  rapidly  increase  pressure  ir,  the  tanics.  Adiiticr.  al 
advantage  of  TGG  in  ccrparison  wirn  tha  gas  storage  tank  cf  pressure 
and  ZhGG  is  the  absence  cf  gas  ccrtainars  high-cressure:  since  their 
complete  hermetic  seal icg/ptessurizetion/sealing,  necessary  fcr  the 
rocket  vehicles  with  prclcnged  period  of  storage  or  flight 
(especially  under  conditions  of  cuter  space),  presents  difficulties. 

However,  feed  systems  with  TGG  possess  the  number  of 
shortcomings  in  compariscn  with  tae  systems,  which  use  a  gas  storage 
tank  of  pressure  and  ZhGG.  To  mai.u  disadvantages  one  should  relate: 

1,  The  complerity  c£  the  adjustaeit:  it  is  in  particular 
difficult  to  ensure  stable  (ncnpulsating)  burning  in  TGG  (the 
shortcoming  indicated  pcssess  systems  with  ZhGG). 

2.  Difficulties,  which  appear  with  power  change  and  upon 
multi  pi  y5.ng  of  engine. 


3.  Dependence  of  engine  characteristic  on  ambient  temperature. 


which  affects  rate  of  ccabustioa  of  solid  fuel.  For  exaaple,  the 
engir.e  thrust  with  an  increasa  ia  xhe  aatisat  tf;mparature 
respectively  increases/grows.  The  shorcccaing  indicated  car.  be 
excluded,  if  on  the  upper  bottcs  of  tan.^s  to  place  drain-reserve 
valves  and  to  supply  i Etc  tha  gas  cushions/pads  of  tanks  the  greater 
ernonditure  of  products  cf  coabtsticn  How  it  is  required  for  the 
creation  of  the  prescr ibed/assigaad  prassure  in  the  tanks.  But  excess 
exper.di.ture  of  combusticn  products  (it  grows  w<th  an  increase  in  the 
ambient  temperature)  bicnzes  thrcugh  D?K  into  ♦•h®  en vircrment. 
Therefore  the  mass  of  sjsteo  with  TGS  proves  to  be  more  than  the  mass 
of  system  with  ZhGG  whcse  charactaci sties  only  to  the  lew  degree 
depend  on  aeblent  temperatuxe. 

The  smallest  mass  have  feed  systems  with  ZhGG,  but  they  are 
fairly  complicated,  especially  during  the  utili2ation  of 
two-component  ZhGG,  and  they  ate  used  rarely. 

Page  223. 

Q13.3.  General/common/tctal  characteristic  cf  pump  feed  system. 

In  the  pump  feed  system  prcpellant  component  are  included  the 
following  systems  and  the  aggrecaccs: 


HOC 


FflGE 


X  I 


a)  turbop'imp  unit  (fij.  13.1/) 


b)  ♦hf*  syst«»!D,  wh’ch  craates  cpctain  excess  pressure  cn  entering 
the  pumps; 


c)  St^^-'V'-!  r/st*-!!  of  turbina; 

(i)  the  nower-su Ecl y  sysraa  of  turbina  by  gaseous  Kcrlcing 
me<11iim/proppl  Lant; 

e)  branch  systei  cf  the  exhaust  (crushed)  gas. 

TMA  is  intended  for  increasiag  tha  pressure  of  the  components  of 
propellant  and  their  supply  into  the  chanber/canera  and  ZhSG.  Gas 
turbine  TNA  develops  power  during  the  supplying  to  it  of  the  gas 
flow,  which  possesses  sufficiently  high  temperature  and  pressure. 
Pumps  of  TNA  consume  this  power  and  are  used  it  for  increasing  the 
pressure  of  the  components  cf  propellant  and  their  supply  into  the 
chamber/caaera  and  ZhGG. 


Into  the  system,  which  creates  nwerpressure  on  entering  the 
pumps  enter  the  aggregates  of  the  supercharging/Fressurizaticn  of  the 
oxidizer  tanks  and  fuel,  and  also  the  devices,  which  additionally 
raise  the  pressure  of  propellant  ccmpoient  at  the  inlet  into  pump. 
Such  devices  include  the  jet  and  auger  series-connected  pumps  which 
are  considered  in  §13.10, 
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13.17.  TVA  ZhPD  BO- 107  ''Vofc^alr’. 


Page  224. 

Starting  system  of  turbine  can  snoompass  the  cartridge  starter 
(starting/launchlng  TGG)  or  small  tanks  with  the  starting/launching 
propellant  components;  it  necks  cnly  in  the  period  of  the 
starting/launching  of  tcrbxne,  after  waich  the  latter  changes  to  the 
fsed/supply  fro*  the  basic  system  {from  ZhGG) ,  Starting  systems  of 
turbine  are  examined  in  §14.1, 

In  the  power-supply  system  of  turbine  by  gaseous  working 
medium/propellant  are  included  ZhGG,  the  regulators  and  the  Talwes, 
and  also  the  conduits/vanif olds,  which  supply  propellant  components 


to  ZhGG 
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Branch  sys*<»in  of  *he  crushsu  <,33*^3113  wcrking  11*=  d iu!ii/prop-3llant 
of  turbin®  is  exha'isi  p-t®  ZhBC  wich  th®  throw-out  of  ths  working 

media ii/prop*»l la nt  indicated  into  tnr  environment  and  aas  ccnfuctor 
for  the  engines,  which  work  on  tae  diagram  "gas-liquid"  and 
"gas- gas", 

,  Exhaust  pipe  connect  up  to  tnt  axhaust  ccllectcr  turhinas  wi-:;-'. 
the  aid  of  the  flanged  cr  waided  jciat.  Exhaust  pipe  is  the 
thin-wallsd  condui* /ma rifcid,  which  is  ended  by  divergent  nortl®;  its 
exit  section  they  usually  place  at  the  level  cf  nozxle  exit  section 
of  the  main  engine  chaaters. 

Gas  conductor  of  ZhUD,  which  work  on  the  diagram  "gas-liguid"  or 
"gas-gas"  (latter/last  type  enjites  have  two  gas  conductors) ,  is  the 
thick-walled  conduit/manlfold,  wuich  connects  the  exhaust  collector 
of  turbine  with  the  head  of  Ghafoei/caaara. 

<i13,6.  General-arrangement  diagrams  TNA. 

Depending  on  the  eutual  arxamgement/poslticn  of  pumps  and 
turbine  are  distinguished  single-shaft  and  aultishaft  turbopuap  units 
(Pig.  1-1.18), 


In  single-shaft  TNA  the  puaps  of  oxidizer  and  fuel,  and  turbine 


al^o  placa  cn  on*  shaf*-. 


In  ^wln“Shaf+  cn  cnj  anact  ar^  ar  r  an  g?  rt/locats  f5  tho  piimos  cf 

oxiiizar  and  fu«l,  and  cn  ctaer  -  turbine  or  cn  one  shaft  they  place 
the  fuel  pump  and  turbice,  aad  cn  ether  -  the  pump  cf  oxidizer. 


In  three-shaft  TS' A  eacn  pua^-  ari  tirbine  asseatle  or.  the 
separate  shaft. 

Siaplest  ccnstructica/dasign  nas  single-shaft  TNA.  However,  it 
possesses  the  essential  snortcoaiag:  tha  number  of  revolut.rcns  of  the 
shaft,  on  which  are  placed  tae  turbine  and  pumps,  is  limited  by  one 
of  the  aggregates  (usually  by  the  pump  of  oxidizer)  ,  so  that  the 
number  of  revolutions  c£  shaft  proves  to  be  optimal  only  for  it,  and 
other  aggregates,  in  particular  turbina,  they  werJe  cn  the 
lowered /reduced  relative  to  optimal  number  cf  revolutions. 

Page  22 fS. 

Hultishaft  construction/design  of  TNA  makes  it  possible  for  each 
aggregate  to  select  the  number  cf  revolutions,  which  is  optimal  from 
the  point  of  view  its  efficiency  and  low  dimensions  and  mass; 
however,  multishaft  TNA  has  cempiex  constructien/design.  The 
kinematic  constrai-nt  between  all  shafts  of  TNA  provides  train  of 
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Tears  which  wcrks  under  tnt  ievere  ccr.  l;r:i-ns  (high 
p®r?.nh»ral  v«lpcihy,  tat  larte  traassittci  pewer)  .  Gai-'.  i-  ♦r.a 
■  ass  of  TNA,  as  a  result  of  the  o^tiaal  nu»ber  of  rovoliticne 
turH  na  and  ^ach  puac,  can  be  aiouyht  to  tha  ainii'if  due  tc  the  large 
■ass  of  redactor,  systeas  of  its  lubrication  and  ceding. 


">0 


~i  :  .  r  1  :  r  i.i  i»ii t.  ;  :  i  1 1 c  -  i  c  :  s  i".  i  In  -  sh  a  f  *:  (s  )  , 

*•  w’ v- sh  if  *•  (b)  '  r^t-:i3ait  icj  Tn 

51  I.’’.  D-ivice  cnntriru^al  tJa,-. 

?or  th<  ouap  fcfi  c£  pEJFJliaof  coapcnents  in  ZhRO  in  essence 
use  the  centrt^'nil  puafs,  aoicls  possess  low  sizes/diaensicns  and 
nass  a- 1  hifh  “ff^o'ency. 

In  centri*uqal  cuirf  (?ij.  1j.  I'll  are  included  housing,  the 

iaoeller,  sha?*,  bearircs  anu  pacmnq  s/sea  Is. 

It  paep  casing  it  is  possible  isolate  intane  pip*;  cayity 

in  which  is  placed  t^'e  ispeliec;  »clu  ta  >'snail  and  iiffuser.  Through 
intake  pipe  eh®  liquid  is  supplied  to  the  intake  part  of  the 
iaoellar.  The  ♦orsion  of  the  liquAO  before  the  iapeller  is  eliainated 
by  dividing  wall,  cast  foe  one  wbol*  with  intake  pipe,  with  the 
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cantilev‘»r  ar rang^mont  cf  th«»  cf  c'l®  ccrnppr*?nts  of 

fuf^l/propellan*:  it  is  supplied  aicng  tha  axis  of  shaft,  in  this  casa 
intaka  oip**  has  sfmpl^st  form  (csaaliy  thf  forn  of  truncatsd  ccr.a 
with  smallest  area  at  the  iniac  iatc  ta  impeller).  However,  from  the 
designs  frequently  use  the  delivery  of  propellant  components  at  angle 
of  10®  to  th«=  axis/axle  cf  pump  spir.ila.  I"  <-his  case  the 
Intake  pipe  becomes  com  p  Jicat  3  j,  asreciilly  if  through  it  is  passe: 
oumo  spindle.  Propellant  coapcneiic  flows  around  about  the  shafr  and 
also  it  is  supplied  to  the  intaxe  part  of  i-he  impeller  all  its  over 
circumference. 

The  liquid,  which  esca pe/easues  at  a  high  speed  from  the 
channels  of  impeller  all  over  circumference,  is  assembled  into  the 
vclute/snai.l  and  -^t  moves  in  it  towards  diffuE<»r. 

Pag®  226, 

The  cross-sectional  area  of  vciuta/snail  during  the  ooticn  to  the 
side  of  diffuser  ccntinucusly  incrtas es/gtows .  Kinetic  energy  of 
liguid  is  converted  into  the  potential  pressure  energy  in  the 
diffuser,  so  that  great  pressure  a  liquid  has  at  the  output/yield 
from  the  diffuser. 

For  high-pressure  cfctaiaing  ca  output/yield  of  th%  pump  instead 
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of  tha  l=scrib‘?'1  abov®  sin>j  la-stajt  are  used  th’a  fwo-stag®  puTips 
(P-’.g.  11.20),  vhich  ar^  twc  3or ics-comsct*-'!  s5  ngl®-stag«s  puap, 
usually  arran  g^'l/lora*-* d  on  one  anu  t  ha  same  shaft. 

Pump  casing  usually  consists  cf  strictly  housing  and  cover/cac, 
decanted  from  •^.he  alutriruT  axxcys  ani  conr^ct/''rin'ad  tonsth^r  hv 

P 

flange  joint,  ^ump  casing,  waica  creates  high  pressure,  they  cast 
mad a  of  steel. 

Impellers  most  frequently  are  made  by  casting.  Therefore  all 
elements/cells  cf  impeller  are  tas  unit  forming  its  internal  cavity, 
divided  by  blades  into  several  identical  channels.  Osual  impeller  has 
not  more  than  eight  blades.  Liguid  enters  the  intake  cavity  cf 
imoellar,  and  then  into  the  channels  between  the  blades. 


I 


y 


F^.a,  13.  n. 


fia.  13.20. 


Fig,  13.19.  schematic  of  centrifugal  pump:  1)  intahe  pipe;  2) 
impellar;  3)  cover/cap  cf  housing;  4)  volute/snail;  5)  diffuser. 


Pig.  13.20,  Schematic  cf  two-staya  pump:  1)  pump  of  first  stage;  2) 
second  pump. 


Page  227, 


The  wall  thickness  of  impeller  exceeds  5  mm.  To  the  shaft,  on  which 
on  the  splines  is  fit/mcunted  the  impeller,  is  fed  power.  Therefore 
impeller  is  rotated  and  its  blades  exert  pressure  on  the  liquid,  as  a 
result  of  which  the  velocity  and  the  pressure  of  liquid  during  the 
motion  in  the  channels  ccntinuoosly  increasing.  From  the  impeller  the 


liquid  enters  the  vclute/snail  cf  housing.  The  impeller  of  the 


l<;<=!cr  ih ’d  ccns^.rur*  •  cn/dfisi  jn  is  called  closed. 


Thriv  fro'juantly  use,  aspeciaiiy  into  ZhRC  cf  low  thrust,  op«r. 
irnDPllers,  vihos^  cov«r/caf  is  iDsett.  For  then  are  characteristic  the 
increased  power  losses  tc  the  overflowing  of  propellant  component 
froTi  hi  :h-prp  ssur®  cavity  (at  the  cut  put/v  i  eld  the  incaller) 

i.ntc  Icv-prassurs  cavity  (at  t.i  3  itl-Jt  intc  the  iapellar). 


Distinguish  impellers  wxta  tae  one-way  (Pig.  13,21)  and 
bilateral  inlet  liquids,  lapeliers  with  the  bilateral  inlet  (Fig. 
13.22)  are  two  singleflcw  impellers  connected  by  rear  surfaces  and 
decanted  together.  Such  impeilars  ataita  it  pcssibla  to  increase  the 
permissible  number  of  revolutions  of  pump  spindle  and  due  to  this  tc 
lower  mass  TVA  (see  §13.9), 

The  efficiency  cf  pump  to  a  considerable  degree  depends  cn  fluid 
flow  rate,  which  flows  from  nigh-pressure  cavity  in  lew-pressure 
cavity.  For  reducing/dsscending  tae  expenditure  indicated  are  used 
the  slot,  labyrinth  and  floating  pacltings/seals  of  impellers. 

Slit  gaskets  (Pig.  13. 2Ja>  dacrease  the  cverflcwing  of  liquid  as 
a  result  of  low  radial  clearance  d  between  the  graphite  ring, 
securely  fastened  in  the  greove  of  pump  casing,  and  the  cylindrical 
annular  groove  of  impeller. 
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Fig.  13.21.  Sinqleflow  impeller  1)  cover/cap:  2)  housing;  1)  blade. 

View  ^ 

Key:  (1)  .^fcover/cap,  pcs.  1,  are  act  conditionally  sho'rfn)i 

Pig.  13.22.  Centrifugal  pump  wita  impeller,  which  has  bilateral 
inl^t . 

Page  228. 

Losses  to  th®  overflowing  during  such  pacKir.gs/seals  compose 
approxiaately/exemplarily  15o/o  ox  the  general/ccmmcn/total 
expenditure  through  the  impeller. 

Labyrinth  seals  (Fig.  13.23b)  are  mere  effective  than  slot, 
since  labyrinth  grooves  impede  the  overflowing  of  liquid. 
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Th-?  floatir.g  packi ngs/saais  (frg.  13.23c),  which  ccnsfsh  of  th® 
go*  alt«rnahir.g  disks  frcm  a  fluorine-containing  polyraer  or 

aluminuia,  malt**  it  possible  to  icwer  the  overflowing  of  liquid  to  the 
insignificant  value  (net  more  than  5o/o  of  the  general/common/total 
expenditure  through  the  iapeiler)  . 

So  that  the  liquid,  whicn  flows  through  the  packir. gs/seals , 
would  not  disturb  the  course  of  tae  main  flow  cf  liquid  at  the  inlot 
into  the  impeller,  in  rump  casing  iS  provided  for  the  special 
deflector,  which  is  guided  the  flowing  liguid  in  the  direction  of  the 
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Pig.  13.23.  Packings/s^als  or  the  impeller:  a)  slot;  b)  labyrinth;  c) 
float  ing. 


513.8,  Bas5.c  paraaptflts  cf  fump. 


For  calculating  the  pump  basic  are  the  following  parameters. 


1.  Voluflietric  fluid  flow  cate  through  pump 
according  to  the  mass  pxopellaat  conponeot  flew 
thermal  design,  accord j eg  to  the  formula 

•  m 


C  =  — , 


C 

where  p  -  density  of 'propellant  component  at  an 
into  the  pump. 


V,  It  is  determined 
m,  found  from  the 


inlet  temperature 


The  rate  of  the  action  of  liguid  in  the  pump,  and  therefore, 
also  the  volumetric  flow  rate  ?  cf  the  directly  proportional  to 
number  of  revolutions  cf  its  impeller: 

Therefore  for  changing  the  .  luid  ciew  rate  through  the  pump  it  is 
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nacessiry  respectively  tc  changs  tne  naatsr  of  revoluticns  of 
isipell  »r. 

Paqe  229. 


2.  Pr-’ss’ir'^'  H.  Th?  pressure,  created  by  cusp,  is  an  incraase  r.r 
energy  of  on*  kilojran  c£  the  li-^uid,  passing  *hrough  the  punc.  If  we 
consider  that  the  velocity  of  liguid  at  the  inlet  into  the  pump  is 
equal  to  outlet  velocity  frco  it,  than  pressure  is  expressed  ty  the 
formula 

f-f  —  PlKH  ~  P»t  ]  3 .  i 

Qgi 

whera  Ptx  and  Piux  the  pressure  cf  liquid  at  the  inlet  into  the  puep 
and  at  the  output/yield  fxca  it  respectively; 

g3  -  acceleration  c£  gravity  at  the  level  of  sea,  equal  to 
9.  80665  m/s*. 

Pressure  H  is  expressed  in  the  eeters  of  liquid  column,  and  the 
pressure  increase,  provided  by  puep,  depends  cn  pressure  and  density 
of  the  liquid: 

Pressure  is  directly  proportional  to  the  square  of  number  of 
revolutions  n  and  to  the  square  or  cutside  the  diameter  of  impeller 

Dyp'. 


/ 


ooc 


PAGE 


For  ?in  T.ncrqas®  In  crassura  5s  n3cessary  to  raise  the  nuaber 

of  revolutions  of  impeller  or  to  apply  impeller  rfith  the  lar'Te 
outside  diameter. 

'lecessary  pr‘»ssnre  for  ou:cut/yi=li  fro-n  * -p  pair'c  tf  :h  -<r/  re- 
iosignei  from  ■••he  formula 

vhere  Apv,  -  all  tvnes  cf  faydraalxc  losses  on  the  main  of  ths 
corresponding  prcpellart  coopcaent  from  th®  pump  to  the  injectors  of 
chamber /cam era. 

3.  Humber  of  revcluticns  of  staft  n.  If  we  designate  the  numb*r 
of  revolutions  of  shaft  per  minute  n,  and  angular  velocity  of  shaft  - 

ui.  then  the  relati.cnshi  p/ratic  between  them  takes  the  following  form 

_ 

60 

4.  Useful  lifting  pcwec  -V*.  Useful  is  the  power,  transmitted  by 
the  pump  of  liquid,  i.e.,  the  powex,  spent  cn  th®  creation  of  real 
pressure  with  that  determined  vciuaetric  flew  rate;  it  is  determined 
from  the  formula 

N^=vHQg, 

or  talcing  i.nto  account  equatioa  (li.  1) 


f!  Parje  230. 


during  r**cord5ng  in  taa  torn  of  eguaticn  (13,2)  n‘^t  powsr 
does  not  depend  on  the  density  cf  liquid  p. 

5.  Efficiency  of  rump  iv.  3ao  efficiency  of  cutc  '■O’'. ''’-r-  »11 
♦ypss  rf  losses  in  it  and  it  can  et  written  in  the  fcllcw:n5  fcra: 

n.tc  ^ 

whern  iioH.  Hnu  and  -  wclueetric,  hydraulic  and  aechanical 

efficiency  respectively, 

Volunetric  efficiency  noo  chacact arizes  the  losses,  connected; 

a)  with  the  ovorflcwiag  cf  liquid  from  the  cavity  at  the 
output/yield  froa  the  iafellet  intc  tha  cavity  at  the  inlet  into  it; 

b)  with  the  leakage  cf  liquid  intj  the  drainage  cavity,  from 
which  it  is  abstracted/removed  outside. 

Due  to  the  presence  of  the  losses  indicated  (let  us  designate 

•  • 

their  Ayy,)  fluid  flow  rate  tnrougo  iepallcr  -Vp  it  is  acre  than  the 

expenditure  through  the  fusp; 

\VyX- 


The  volumetric  efficiency  cf  pump  is  designed  from  the  equation 
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for  th^  larg's/coar^'?  cusfs  cf  ihfiD  0, 90-0. 95. 

Hydraulic  efficleEcy  nraa  is  ch  a  re  ct  eristic  of  hydraulic 

losses  in  the  ouwn  which  incluia; 

a)  less  to  fluid  friction  against  thp  walls  of  channel  and 
losses,  connected  with  irtornai  fluid  friction  as  a  result  of  its 
viscosity/ductility/tcughness;  let  us  designate  the  losses 
indicated  Ahtp; 

b)  the  losses,  connected  wita  the  nonconformity  cf  the 
directions  of  the  fluid  flow  and  cnannals  in  the  pump:  loss  by  shock 
and  flow  separation  at  the  inlet  into  the  impeller,  the  diffuser,  the 
voluta/snail  and  the  exhaust  duct;  these  losses  let  us  designate  d/Zya. 


Losses  to  the  fricticn  are  proportional  to  the  square  of 
expenditure  or  velocity; 

(h^h  Wi] 

Key;  (1)  .  or. 


r 


and  ira  r '»mov*ai3/ta<an  duriiij  tcha  Uv::t  ic  n  in  area  cf  internal  canal 
surface  of  pump  and  an  i  sprc  v  amant:  it  the  purity/finish  of  th'air 
orcce  ssing/treafraent. . 

Losses  AAya  have  the  soail  value  with  the  worlc  cf  pump  in  the 
noTiinal  rating,  5..e.,  when  v  =  vuoyi-  «hrn  and  ‘•ho 

do'/iatior  of  the  mods/ccnditicas  cx  tha  woric  cf  pump  f’rca  the 
nominal,  loss  Shy.  increase/gcorf . 

Hydraulic  losses  lead  to  cartait  increase  in  the  temperature  of 
liquid  with  its  passage  through  the  puap.  Per  the  pumps  of  ZhRD  i™a= 

0.7-0. 9. 

Page  231. 

Mechanical  efficiency  HMex  charactar izes  power  losses  to  bearing 
friction  and  packings/seals ,  and  also  ;o  the  fricticn  of  tha 
nonoperative  (not  creating  pressure)  surfaces  cf  impeller  against  the 
liquid.  For  the  pumps  of  Zh8i)  nMei=  0.  85- 0. 9  8,  the  high  values 
corresponding  to  the  pnaps  cf  greater  power  (large  sizes/dimensions) . 

The  overall  efficiency  of  puaps  of  ZhRD  'in..  =  0 . 5-0.85. 

For  supplying  the  volumetric  tluii  flow  rate  v  with  the  density 
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p  un^er  pr<»ssur“  H  it  is  necjssiX^  chs  p'luc  spir.il=  to  supply  th^ 
pow<»r,  from  th«  aiuaxicc 

V  -  __  ^''r..,  ~  r 

*  ^  Ma 

Mndv.  ^'iHnv 

Efficiency  (i„ac  it  is  possifcle  to  ieterniine  according  to  the 

r^sul's  of  te  <?*  ’  m  (spill,  tae  pu.i.,,  fcr  ■■«'’'ich  it  's  ■  -  - 

a  =  asare  values  of  v,  Pa^.  aaJ  n,  ani  al30  ti=  snaft  " 

In  terns  of  known  values 
consumed  lifting  cower: 

N«C ■ 

Since  v^n  and  H-r. 2,  theu 

§13.9,  Selection  of  the  Dumber  ct  revolutions  of  shaft  TNA 
cavitation. 

The  important  stage  of  design  cf  TNA  and  ®ngine  installation 
with  Zh  ED  as  a  whole  is  the  selacricn  of  the  cptitnal  number  cf 
revolutions  of  shaft  of  ISA, 

The  need  for  the  selecticn  of  the  optimal  number  of  revolutions 
of  single-shaft  TNA  can  be  explained  by  the  fcllowing.  with  an 
increase  in  the  number  cf  revolutions  increases/grows  the  efficiency 
of  turbine  with  its  invariable  sizes/diaensions  cr  is  decreased  the 


M,:,  and  n  it  is  cossible  to  deternin' 


Mac 


necessary  ot3*si:^e  (liarr<?ter  or  zurci-ne  (and,  cense  juently,  Its  sdss) 
with  th®  ^nvariabl®  *fficidney.  acr ® ,  is  dacreas^d  r he 

necessary  outside  dianetcr  cr  r^at  and  its  mass.  But  an  increase 

in  the  number  of  cevcluticas  incraasas/j cows  the  velocity  of  liquii 
at  the  inl«t  Into  the  iafallar,  eaxch  can  lead  tc  the  inadmissible 
1^0  l®/co n d ic ns  of  th®  %crit  cr  In.  this  i*  is  ne-'^sserv  *' 

increase  the  pressure  ct  lijuri  at  tne  inl^t  ‘he  puoq.  if  the 

oressur®  ir.'iicated  is  increase!  by  incraasinq  t^e  boost  or'^ssure  in 
th®  tanks,  then  appears  tna  need  tor  thickeninq  their  walls  (with  the 
appropriate  increase  cf  their  mass). 


Is  not  admitted  the  wor*  ot  pump  in  the  mode/conditions  of  the 
so-called  cavitation.  Cavitation  (trom  the  Latin  word  cavitas  - 
vacuum)  is  the  process  of  forming  pubblas  of  steam  in  those  zones  of 
liquids  in  which  the  static  prassure  is  less  than  the  pressure  of  the 
saturated  steams  (i.e.,  tha  cemperature  of  liquid  exceeds  the 
temparature  of  its  bcilinqj,  and  also  the  process  of  the  subsequent 
filling  of  the  bubbles  indicated  with  liquid  during  their 
incidence/iapingement  irto  tae  zca«  of  alavatcd  pressure. 


Page  23  2, 


The  pressure  of  liquid  small  in  the  area  of  the  flow  arcuad  the 
intake  edges  of  blade  ct  iapaliar;  therafore  cavitation  appears  first 
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of  all  ’.r  th®  cross  section  at  ■cne  ?:il£,t  ir.tc  iTpqll^r. 

An  d?  stfrgtH  shed  the  aod* s/ctr.ditions  cf  partial  and  ccffolste 
ca  V  it  ation. 

During  the  mode/cc  ndit  ions  cr  partial  cavitation  th<=  forte  i 
bubbles  c*  steam  manage  to  oa  rilled  in  th®  inta/c®  part  cf  tha 
impellar:  they  are  filled  at  a  vetj  high  speed,  vihich  leads  to  the 
hydraulic  impacts  on  tie  internal  canal  surface  cf  impeller  and  to 
their  »rosicn,  wi.th  the  ccntinucus  operation  in  the  mede/conditions 
of  partial  cavitaticn  the  erosion  of  canal  surface  cf  impeller 
considerably  decreases  its  strangta  and  it  is  possible  to  lead  to  the 
destruction  vane.  But  the  operating  time  of  pumps  of  ZhRD  is 
relatively  small,  and  therefora  the  aci e/conditiens  of  partial 
cavitation  is  permitted.  Hera  it  is  possible  to  attain  the 
perceptible  gain  in  the  mass  of  tanks  due  tc  decompression  of  th“ir 
superchar ging/pressuri ration. 

If  bubbles  of  vaper  do  not  manage  to  be  filled  up  with  liquid  in 
the  impeller  (i.e. ,  threugn  the  iapellar  goes  net  liquid,  but  the 
mixture  of  liquid  and  vapor),  then  begins  the  mode/conditions  of 
complete  cavitation,  which  is  accempaniad  by  a  sharp  less  cf  pressure 
and  fluid  flow  rate  through  the  pump;  this  mode/conditions  of  the 
work  of  pumps  ZhRD  inadn iss ible. 
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fk  change  in  ruaif  n<»id  wirt  decoapr 3ssicr  it  ■^h-:  ir.lpt  int 

the  impeller  is  estimated  py  saparation  cavitation  characteristic 
(Piq.  13.24).  It  build  fcr  the  cress  section  at  the  inlet  into  the 


impeller  on  the  basis  the  spills  of  puap  at  constant  values  of  r.  and 


m,  moreover  ^irst  provide  jraac  pcessura 


■>  •• 


.  e  ^  1  n  '  c 


th'^  Duma,  and  then  with  eaca  sues  s  i’le  tic.  spill  t  h®  mssure  gradually 
decrease  and  they  finish  to  tha  value,  at  which  a  less  of  pressur? 
composes  2-3o/o.  This  pressure  designate  /^biks*. 


Socking  conditions  for  noacavxta tion  can  be  written  in  the  form 

Ptt  ^  Pu.K»*‘ 

Optimal  number  of  revolutions  at  the  prescribed/assigned 
pressure  at  the  inlet  into  tae  puap  is  the  maximum  permissible  number 
of  revolutions  «m«xaoo-  it  are  designed  from  the  formula  which 
establishes  the  bond  betweon  values  Max,  v  and  n,  moreover 


Qgi  igi 


Key:  (1)  .  and 
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Fig.  13.24.  Separation  cavitation  characteristic  of  centrifugal  ounp. 


Page  233. 


the  formula  indicated  taos  tne  fjllowirg  form: 


n 


nflZ  Jion 


■  i3.3 


tfhera  C  -  constant  frr  this  puap  value  (cavity  ccefficient,  or  the 
coefficient  of  Rudnev)  .  The  nijher  the  coefficient  cf  C,  the  tetter 
the  a nt icavit aticn  qualities  cf  pump. 


coefficient  C  depends  ca  the  aesign  features  of  impeller  and  is 
determined  experimentally.  Pot  the  usual  centrifugal  tumps 
C=800-1100,  and  during  the  utilization  of  blades  of  special  shape  in 
the  impeller  it  is  increased  to  2200. 


The  affective  method  of  increasing  the  anticavitation  properties 


of  centrifugal  pump  is  the  installation  of  the  low-pressure  jet  or 
auger  series-connected  pump  at  its  inlat,  Fcr  example,  during  the 
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ir.stallat icn  of  h«lical-typ3  cuap  w’th  the  sufficiently  largp  length 
of  blades  the  cav*.ty  crefficieno  C  :  ncraasos/gr  ow  s  to  35O0-4CC0  [30]. 

firom  equation  (13.3)  is  aviaect  taat  to  increase  the  nuirber  of 
revolutions  of  pump  (and  to  respectively  decrease  its 

sizes/iimsnsions)  is  pcssiole  (ces^cas  an  increase  in  th?  cavity 
coefficient  of  C)  in  the  following  ca^as: 

a)  with  an  increase  in  tha  pressure  at  the  inlet  into  pump  Pen 
(pressure  Hn)\ 

b)  with  the  decrease  of  tae  pressure  of  the  saturated  vapors  of 
liquid  Pi  (pressure  H,)  and  volumetric  fluid  flow  rate  through  tha 
impeller. 

Pressure  Pn  can  he  increased  by  increasing  the  boost  pressure 
of  tanks;  however,  this  way  is  least  aivantageous  due  to  the  need  for 
an  increase  in  their  wall  thicunesses. 

The  pressure  of  the  saturated  vapors  of  liquid  p,  depends  on 
type  and  temperature  cf  liquid.  Due  to  high  values  ps  for  the 
cryogenic  propellant  cemponents  it  is  lifficult  to  ensure  the 
noncavitation  mode/cenditions  of  tte  work  cf  pumps  at  lew  pressures 

Pnf 
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The  volumetric  flch  rate  through  ;he  impeller  can  be  decreased 
by  the  utilization  of  impellers  with  the  bilateral  inlet  (see  Fig. 
13.22)r  fluid  flow  rate  througa  each  impeller  is  decreased  2  tines 
and  in  accordance  with  formula  (13.3)  it  is  possible  in  V2  1,4  the 
tine  to  raise  *he  nunher  of  ravcJutions  cf  cunn,  after  Isavir.  : 
invariable  pressure  pas-  Since  vciuipcrio  oxidizer  ccnsumpt ion  is 
usually  more  than  the  vcluoetric  flow  rate  cf  fuel,  then  during 
single-shaft  construct  ic  n/desi  gn  ot  TMA  the  maxiauni  permissible 
number  of  revolutions  is  limited  by  tha  pump  cf  oxidizer  and  impeller 
with  the  bilateral  inlet  it  is  expedient  to  use  first  of  all  fer  it, 

§13.10.  Systems  of  pressure  increase  at  the  entry  intc  the  pump. 

The  necessary  pressure  at  the  inlat  into  the  pump  is  created 
with  the  aid  cf  the  pressurized  system  of  tanks  and  special 
series-connected  pumps. 

Page  234, 

Pressurized  systems  of  tanks.  Tarnt  pressurization  consists  of 


the  maintenance  of  the  cerraspording  overpressure  in  their  gas 
cushions/pads  by  supplying  in  them  the  gas.  Therefore  the  pressurized 
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syst^ns  of  farks  in  irany  respects  en  aaalcqcus  to  the  pressure  feed 
svstans  of  propollant  ccaponents  wi^n  one  'difference:  the  bocst 
pr-^ssure  of  tanks  usually  suoscarcially  less  than  pressure  in  the 
tanks  during  close  supply  is  2-4  oars  [32-4  kgf /ca^  [  and  in  certain 
cases  it  only  reaches  6  tars  [s6  kgf/ca^  ]. 

Are  distinguished  t«o  types  cr  tan.<  pressurization:  by  cold  and 
hot  gas.  Tank  pressurization  oy  hct  gas  (for  example,  with  the  aid  cf 
soeclaL  ZhGG)  causes  certain  coapiication  of  engin®  installation,  but 
provides  a  noticeable  reduct icn/descent  in  its  mass  and  therefore  it 
is  extensively  used,  especially  in  the  large/coarse  carrier  rcckets. 

Liquid-oxygen  tanks,  liquid  hydrogen  and  nitrogen  tetroxide  can 
be  farced  via  selection  at  tne  output/yield  frcit  puip  and 
vaporization  of  their  snail  portion  in  the  heat  exchanger  which 
usually  is  arranged/located  on  the  lina  of  exhaust  gas,  i.e.,  after 
turbine,  including  in  its  output  collect or /receptacle  (see  Fig. 

13. 17) . 

Supercharging/press urizaticn  by  cold  gas  is 
acconplished/realized  hy  a  systea  with  the  gas  storage  tank  cf 
pressure.  For  the  initial  sacticn  cf  aissile  trajectory,  passing 
through  the  sufficiently  dense  layers  of  the  at mcsphere,  it  is 
possible  to  use  cold  tank  pressurization,  using  the  incident  airflow. 
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Ins+ial  lat’ on  of  *V€  pr  accnnect'^i  .)ump  a*'  tV®  inlet  into  th  ? 
pump.  Ar®  distinguished  the  jet  anc  aujer  s^^ries-connectet  piiT.ps. 

The  jet  series-connected  cump  (or  ajecter)  by 
con  St  met  ion /iosi  :7n  and  dccariin.;  to  ojoratir.':  rrincicla  is  analogous 
to  t'n=>  jet  punp,  ='<nni'n3d  in  t.ic  jtgio'.ir.  j  cf  rr's'r.t  chap^ar,  but 
for  the  work  of  ♦•he  jet  ser  ies-ccar.ee ted  puop  is  used  not  gas,  but 
the  ssiall  part  of  the  crepeiiant  cenipoaent  flew,  selected/taken  at 
the  outout/yield  frem  the  basic  pump. 

The  jet  series-ccnnected  puaps  ara  installed  in  the 
coarse-wire/coarse-ccnductor,  which  supplies  propellant  coapenent  to 
the  ouap.  The  use/applicatica  of  che  jit  series-connected  puircs  is 
sufficiently  effective,  with  wnar  thair  low  efficiency  to  a 
considerable  degree  is  purchased  oy  low  mass  and  siaplicity  of 
construction/design. 

Auger  (or  booster)  ser ies-ccncecttid  pump  is  the  variety  of 
axial-flow  pump  and  are  aost  freguently  two  cr  three  spiral  blades  cf 
tranezoidal  form  with  the  coastaac  space  and  with  the  angle  of  ascent 
of  .V7®,  The  auger  series-ccnnacted  puiap  possesses  substantially 
higher  anticavitation  properties,  than  a  centrifugal  puap.  This  is 
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®xplain^d  by  th*  following  factors. 

1.  Pressure  (ii f f'^rcnce  betb^sr  working  (creating  pressure)  and 
nonoperative  sides  of  tlade  for  axiai-flcw  puac  is  less  than  for 
centrifugal,  i.?.,  lead  cn  ciade  of  axial-flcw  pump  is  less  than  to 
blad'^  cf  centrifugal  cnirc. 


Paae  235, 

2,  In  centrifugal  pump  liguid  moves  in  the  direction  cf 
effect/action  of  centrifugal  forces  which  break  away  liquid  from 
steam  bubbles,  which  ccntrifcutas  tc  course  cf  cavitaticn. 

In  the  jet  pump  the  liquid  moves  in  essence  over  its  axis/axle. 
If  vane  channels  have  sufficiently  large  length,  then  the  cavitaticn, 
which  arose  in  the  initial  part  of  halical-type  pump,  can  not  have  an 
effect  on  its  work,  since  buooies  cf  vapor  that  are  generated  on  the 
peripheral  part  of  the  blade,  are  compressed  by  the  liquid  which  is 
ejected  by  centrifugal  fcrces  from  blaia  rcot  tc  its  periphery. 

The  pressure,  created  by  the  auger  series-connected  pump, 
composes  3-20o/o  of  the  general/common/tot al  pressure  and  is  limited 
to  the  fact  that  the  efficiency  or  the  pump  indicated  are  less  than 
the  efficiency  of  centrifugal  pump,  and  also  the  fact  that  with  an 


ir.cr^asfi  in  th?  pr=»ssure,  criatsd  ty  t.i3  aag<2r  s«ri6s-cor  n5C*3d  puap 


i.a,,  wi*h  an  incr‘ias*»  in  tha  ioai  on  the  blade,  doteriorate  its 
anticavitation  properties. 

The  outside  dianetei  of  uorm  sera*  is  determined  by  tha  diameter 
the  intake  oip<»  junction  of  ceotrifigal  cump.  The  inner  dianetpr 
of  worn  screw  must  b®  smallest,  sites  with  an  increase  in  the  surface 
of  blades  is  decreased  lead  on  taam  and  are  improved  the 
anticavitation  properties  of  tac  augar  series-connected  pump. 

The  number  of  revcluticas  cf  the  series-connected  pump  and  the 
centrifugal  pump  can  be  one  and  tac  same  cr  different.  In  the  first 
case  is  provided  large  simplicity  cf  construction/design  of  TNA. 
However,  decreasing  the  number  cf  revolutions  of  the  series-connected 
pump  relative  to  the  number  of  re/cluticns  of  centrifugal  pump,  it  is 
possible  to  decrease  tde  load  on  the  blades  cf  worm  screw  and  thereby 
to  additionally  raise  its  anticavitation  properties;  this 
series-connected  pump  needs  special  drive.  It  is  most  e^epedisnt  tc 
use  for  this  purpose  of  hydroturbine,  which  werk  on  the  heated 
component  of  propellant  (for  example,  on  the  propellant  component, 
selected/taJcen  from  the  coolant  passage  of  chamber/camera)  f  1  ]. 

The  auger  series-cconecced  pumps,  especially  with  the 
hydroturbines,  increase  mass  of  THA  and  complicate  its 
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const-.ruction/d^^si^n,  hct  thext  j^ic  th'S  cerceptibla  -iffoc*:  in 

connaction  with  pr ssibilitv  ci  dec^a pr ^ssic r  in  th?  tank 

Drf‘SSurization. 

§13.11.  Construction  of  turbine. 

In  ■►urbin®  (Fig.  1j.25)  ara  ii.clui»d: 

a)  th*?  housing,  which  consisns  nf  the  covi»r/cap  in  which  is 
placad  nozzle  cascad*,  and  sznausz  ccllector; 

b)  blade  wheel; 

c)  the  guides  of  Hade  (for  the  double-staged  turbine). 

d)  shaft  with  the  clutch. 

Page  236. 

Gas  enters  the  ccllectoc/receptacla  of  nozzle  cascade,  and  fron 
it  -  into  the  nozzles,  in  which  it  is  acce lerated/dispersad  to  the 
large  welocity  (1000  a/s  and  aore)  and  it  falls  to  the  rotor  blades. 
If  turbine  is  two-stage,  then  between  zhe  rotor  blades  of  first  and 
s*cond  stages  place  fi xed  guides  of  the  blades  which  turn  gas  in 
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orier  to  brim  rotor  rldaes  of  ths  3=?ccri.i  s*-  =  p/3ta45  -at  the 

r“qairrtl  angl®. 

Pressure  and  th*»  teapcxature  cf  crashed  gas  (at  th^  outcut/yiold 
of  th<i  rotor  blades)  is  substaatidily  Lass  than  at  the  inlet  into  the 

Crash'^'’  -a-  ar-ter^  3<aad^T.  Hector,  ar  i  froa  it  -  into 
o  X  h  3  ’  1  ^  D  ^  r  ^  0  c  r  c  u  c  c  * 

Mozzle  cascada  's  xha  ualJianx,  wnich  distributes  the  applied 
aas  ir  the  circumference  cf  ruorire  ani  feeding  it  with  the  high 
vs-lccity  to  th’  rotor  blades,  if  gas  is  supplied  to  the  turbine  rotor 
blades  all  over  circumference  (degree  of  the  admission  of  turbine 
e  =  l),  then  the  nozzles  cf  nozzle  casoala  place  evenly  all  over 
circumference  of  ♦urbire.  if  tae  uegcea  of  admission  is  lower  than 
one  (e<l),  then  nozzl®  assemtiy  is  a  ring  segment  whose  length  in  the 
circumference  is  propcrtionai  tc  the  degree  cf  admission.  The  axis  of 
the  symmetry  of  nozzles  is  located  at  mediuir  altitude  of  rotcr 
blades.  Nozzle  cascade  is  the  acst  heat- stressed  unit  of  turbine. 

Turbine  disk  has  the  thxc&eoed  hub  (for  the  fastening  to  the 
shaft)  and  the  thickened  hcop  (for  the  installation  of  rotor  blades), 
which  are  connected  between  thaaswlvas  by  the  shaped  part  of  the 
disk. 

Turbine  rotor  blades  consist  cf  foot  and  shaoed  part  (fcil) , 


made  for  one  whcle. 
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Pig,  13.25.  Th«  schpua-^ic  of  the  sirgla-stage  axial-flow  turbine:  1 
inlet  aanifold:  2  -  nc72le  cascaae;  3  -  rotor  blades;  4  -  disk;  4  - 
exhaust  coll®ctor/receptacle. 

View  A- 

K®y:  ( 1) .^^exelopnent/scan  on  plane  of  cross-section  at  the  diamete 
(2)  .  cross  section. 

Page  237, 

Foot  fastens  blade  to  tb«  hcop  ox  disk;  are  distinguished 
inarticulate  and  scarf  jcints  of  blades  with  the  hocp  of  disk. 

Inarticulate  are  welded  and  scliaced  icints.  Tc  cup  is  used 
welded  joint  (Pig.  13,26a). 
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Prom  the  locking  cres  are  most  rfiiely  usei  the  ccnnecticns  with 
the  T-shape-i  lock  (see  Fig.  13.  26o). 

The  guides  of  the  klade  of  doubla-staged  turbines  are  fastened 
to  the  segments  which  are  coanactea  wi;a  turbine  casing  by  flange 
(Fig.  11.27). 

The  exhaust  collector  cf  turoiae  with  its  cantilever  arrangement  on 
the  shaft  is  the  welded  housing  which  is  fastened  tc  turbine  casing 
with  the  aid  of  the  flatged  or  welded  joint. 
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Fig.  13.26.  Typ®s  cf  ccnnacticns  o£  fclidas  with  ■'■arbina  dis'n: 
welded;  b)  with  T-shaped  Icct. 

Pig.  13.27.  Schematic  ct  flow  acea  of  two-stage  impjlse  turbine:  1  - 
noztle  cascade;  2  -  rotor  bladas  of  the  first  stage;  3  -  guide 
blades;  4  -  rotor  blades  of  seccad  step/stage;  5  -  exhaust  ccllector. 

§13.12.  Classification  and  the  operating  principle  of  turbines. 

Turbine  must  possess  low  diaecsions  and  with  a  mass  of;  the  gas 
flow  for  the  creation  cf  the  prescribed/assigned  shaft  horsepower  of 
TNA ,  it  must  be  also  lowest  possible. 

Por  the  examination  of  tha  principle  of  th®  work  of  turbine  it 


is  expedient  to  Isolate  the  following  cross  sections  of  its  flow  ar®a 
(see  Pig.  1  3.  25)  . 


1.  cross  sec^’.or  n  -  in  suc^iyf.ng  ccl! -cicr/r^copiacle  cf  r.czzl^ 

cascais  a*:  ir.ic  :ts  nozzles. 

2.  cress  section  1  -  at  nozzle  ouclet  cf  nczzls  cascade  (at 

3.  Cross  section  2  -  at  outfut/yisld  frcni  rotor  tlaiss,  i.e.,  f.r. 
sxhaust  ccllpctor. 

In  th®  cross  section  0  ^a-i  posssss  th®  gr®atast  enthalpy,  with 
the  flow  cf  gas  along  the  nozzles  ccrurs  its  expansion  during  which 
the  part  of  the  enthalpy  is  cenverted  into  the  kinetic  energy,  in 
this  case  the  pressure  and  tne  tteiappcat  ire  cf  gas  are  decreased,  and 
its  velocity  incr«as es/ grows. 

Page  238. 

Gas,  flowing  out  behind  tae  aczzlas  with  large  speed,  enters  the 
rotor  blades  and  during  the  octica  in  the  channels  between  them  is 
given  ud  the  large  part  cf  its  aneigy  to  rotor  blades,  which  leads  to 
the  origination  of  circuaf erentiai  force  to  the  blades  and  creation 
of  shaft  horsepower  cf  turbine. 
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On  thft  sp®ci?.l  f aaturGS/pecuiiacicies  cf  expansion  gas  iurir.g 
5.ts  aot’.cn  along  the  flew  pare  (listing  lish  active  and  reactirn 
turbines. 

In  ^  ha  i-nnulse  ‘urcincS  tna  gas  is  ex?and<=’’  only  during  th- 
.’ic'-'on  along  the  nozzles  cf  nozzia  cascade,  and  tha  flow  cf  g  3  = 
between  the  rotor  blades  occurs  an  a  constant  pressure. 

In  the  reaction  tortinss  the  gas  is  expanded  heth  in  the  nozzles 
of  nozzle  cascade  and  during  tae  action  between  the  rotor  blades. 

Pig.  13.28  depicts  the  secticn/cut  of  flew  area  and  the  graphs 
cf  a  change  in  the  paraaeters  at  tee  flow  of  gas  alcng  flow  area  cf 
the  active  and  reaction  turbines. 

In  the  impulse  turbine  the  gas  anthalpy  during  the  motion  alcng 
the  nozzles  of  nozzle  cascade  is  decreased,  and  during  the  motion 
between  the  blades  in  the  absence  of  losses  it  remains  constant. 
However,  due  to  the  losses  to  the  friction  and  the  vortex  formation 
enthalpy  during  the  action  between  the  blades  somewhat 
increases/grows,  and  relative  gas  velocity  (gas  velocity  relative  tc 
blades)  is  decreased. 
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In  the  reactior.  tcrfcine 
SOtion  both  Ml  the  r.Q27las  of 
between  the  rotor  blades,  i.e 


tne  ijas  e.ithilpy  is  decreased  durinq 
nczzi''  ciscad®  and  during  th=  Tctio^ 
•»  gas  enthalpy  is  decreased  in  the 


the 


reaction  turbine  just  as  its  pressure. 


1 


’='ia,  13.28.  Draaraa  cf  flcv  araa  and  the  graphs  cf  s  chang 


oaraaeters  of  gas  in  its  lengta  zcr  tha  active  (a)  and 
reactive/reagent  (b)  turbines. 


P  .A  G  E 
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3  13.13.  3asic  parameters  of  turtine, 


:r  of  oades  i;".cladc5  the  oa  ra  .1,.^  tars  cf  t^jrhar. 


1.  Available  power  cf  turhir.e,  i.  =.  ,  power  of  turbira  cr.  shaft; 
it  must  be  equal  to  sum  cf  powers,  consumed  by  pumps  cf  oxidizer  and 
fuel,  and  also  by  pumps  cf  auxiliary  components  cf  prcpellant  (in 
presence  cf  latter),  i.  6., 

^ryti6  ■^H,e  i)»  ~f"  ^iwe.r  "f" 

and  is  determined  frcm  fcriula 

where  overall  efficiency  of  turbine  (see  §  13.14)  ; 


jas  flow  rate  per  second,  which  enters  from  turbine; 


iaa—  adiabatic  wcrk  of  expansion  1  kg.  of  gas,  designed  from 


formula 


1 


2.  Pr?ssura  differsntial  cn  turbine  (expansion  ratio  of  gas  in 
turbine)  ,  equal  to  ratio  fo/Fa«  disring uished  high-gradient 

{Po/P2  =  '' 5-^*0)  and  low-pressure  (p c/F2=  I*  3-1 .  6)  turcines.  Pressure  Pa 
is  called  cc ur.ter pressure . 

cf  crushed  gas  into  the  en vircnirert ;  in  the  nczrlas  cf  th«^ir  nozzle 
cascade  is  cperated/wcrn  supercritical  gas  pressure  drop.  Fcr 
increasing  the  power  cf  turbine  it  is  desirable  to  ensure  the  greater 
expansion  of  gas;  at  the  invariable  pressure  Pq  of  this  it  is 
possible  to  attain,  decreasing  pressure  pg.  But  sc  that  to  the 
mode/conditicns  of  the  wcric  cf  turbine  and,  ccnseguently ,  alsc  TNA  as 
a  whole  would  net  affect  a  change  in  the  ambient  pressure,  pressure 
P2  is  necessary  to  select  tccre  than,  ttaximum  ambient  pressure; 

P^~  l,3phmai  (taking  into  account  to  the  possibility  of  the  work  of 
Laval  nozzle  turbine  exhaust  under  the  conditions  cf  cverex pension 
[17]),  In  this  case  on  the  nczzle  cf  turbine  exhaust  is  provided  a 
supercritical  pressure  differential,  as  a  result  of  which  the  nozzle, 
as  it  was  noted  into  §  9.1,  develops  certain  thrust.  Specific  impulse 
/ya  of  the  nozzle  of  exhaust  pipe  is  less  than  the  value  /ya  of 
chaaber/caoera,  and  with  the  increase  of  the  gas  flew  through  the 
turbine  value  /ya  of  engine  descends.  Therefore  the 
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Page  240. 

For  the  turbines  ZhPC,  which  wcrk  on  the  diagrair  the  "gas  - 
liquid"  cr  "gas-  gas",  is  characteristic  the  high  gas  flew:  fer 
sxan'rl:^,  fer  th-;  diagrax  "  gat-  li:':id"  it  is  usually  =  gual  tc 
cc.tpleta  flew  rate  cf  one  cf  the  ccicpcnsnts  cf  propallant  and  certain 
part  cf  the  flew  rate  cf  anctr.et*  Therefore  fer  such  ZhPD  are  used 
the  turbines,  which  develcp  sufficient  power  with  a  subcritical 
pressure  differential,  i.e.,  lew-pressure  tur tines, 

3,  Turbine  inlet  gas  teoperature  Tq .  Temperature  Tq  together 
with  the  expansion  ratio  cf  gas  determines  the  adiabatic  work  of 
expansion  1  kg.  of  gas,  which  increases  with  its  increase.  Depending 
on  material  of  blades  and  duration  cf  the  work  of  engine  temperature 
To  is  selected  in  limits  cf  750-12CCOK, 

Number  of  revcluticns  cf  shaft  of  turbine  n.  Number  cf 
revolutions  n  during  the  single-shaft  construction/design  of  TNA  is 
determined  from  the  condition  for  the  noncavitation  work  cf  pumps, 
and  during  the  multishaft  ccnstructicn/design  -  from  the  condition 
the  greatest  efficiency  cf  turbine  and  its  smallest  dimensions. 
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In  calculations  tt®.  tuc tires  us^ 
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diaaeter  Ocp),  ir  *his  case 


ipheral  si-afc  J  -  the  spsed 
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5  13.14,  Efficiencies.  Turbines  and  selection  of  celation  u/c, 

With  the  wor)c  of  turhine  occur  the  losses: 

a)  in  the  nozzles  cf  nozzle  cascade; 

b)  on  the  rotor  blades; 

c)  with  outlet  velocity; 

d)  to  the  friction  cf  disk  against  the  gas  and  ventilation ; 

e)  mechanical. 

All  forms  of  the  losses  indicated  considers  the  overall 
efficiency  of  turbine. 

Losses  in  the  nczzles  of  nczzle  cascade  and  cn  the  rotor  blades 


DQC 
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depend  on  ♦he  decree  of  the  perfection  of  flew  ir'd  cf  the  turbine, 
including  cf  the  finish  cf  th*  surfec®  of  no2?l=5  and  rotor  tlaie.o 
and  cf  their  profile/airf cil. 

Losses  with  outlet  velccaty  are  explained  by  the  fact  that  gas 

at  the  o '1*  r  ut/vi  el  i  iro'’  *  rc*’or  tl,;'  va  oo~3etn-~  o-rtain  =o-=j  o 
i.c,,  .'ner'j;  or  cas  in  use;  in  :r.-  cir^nn-  net  oc .uplc to  1  y . 


At  the  prescrihed/assigned  values  of  the  gas  velccity  Cj  and 
argla  of  the  slope  of  velccity  vector  c,  to  the  plane  cf  turhine  disk 
at  I  niniauo  spead  Cj  and,  ccnseguently ,  also  smallest  losses  with 
outlet  velocity  reach  at  ratio  U/c^,  which  is  determined  frcit  the 
fer  mula 


U _ co^  Oj 

c,  2 


03.4) 
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Usually  ia  the  impulse  turbines  TNA  of  a  i= 15-20°  and  the  speed 
Ci=1000-I400  m/s,  in  this  case  the  necessary  peripheral  speed  U, 
designad  from  formula  (13.4),  is  obtained  inadmissibly  to  large;  in 
particular,  sharply  they  are  increased  dimensions  and  the  mass  of 
turbine.  Therefore  in  the  high-gradient  turbines  frequently 
peripheral  speed  U  is  selected  in  the  limits  cf  250-350  m/s,  and 
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ratio  0/c j= 0 , 1-0 . 3,  which  conditicrs  losses  with  cutlet  vnlccity, 


At  the  low  values  of  ratios  O/Cj,  which  it  is  expedient  to  use 
in  the  turbines  TNA,  efficiency  cf  double-staged  turbine 
substantially  higher  than  in  single-stage. 


If  losses  to  t.ie  friction  cf  disk  against  the  gas  are  inherent 
in  each  turbine,  than  windaga  Icsses  -  only  partial,  they 
ircreasing/grcwing  in  prcpcrticn  tc  the  decrease  of  the  partiality  oi 
turbine. 


The  overall  efficiency  cf  kigh-gradient  turbines  is  within  the 
liaits  of  0.3-0.  7,  and  lew-gradient  turbines  for  which  U/Ci =C.4-0. 6, 
aas  higher  values. 


In  essence  in  ZhPD  are  used  the  axial-flews  turbine,  in  which 
the  gas  moves  in  parallel  to  the  axis/axle  of  shaft. 


Specific  to  constructicn/design  the  so-called  radial-flcw 
turbines  in  which  the  gas  moves  ever  the  radius  of  disk  to  the 
axis/axle  of  shaft  (inwatd-flcw  turbine)  or  from  the  axis/axle  of 
shaft  to  the  periphery  of  disk  (centrifugal  turbine).  Of  the 
radial-flow  turbines  greater  use/application  found  lew-pressure 


inward-flow  turbines. 
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3  13,15.  The  liqui-i-gas  g»;naratcrs. 

The  liquid-gas  generator  of  the  power-supply  system  of  turbine 
of  TNA  produces  the  gas,  which  possesses  sufficiently  high  ones  by 
pressure  ar.  d  by  temperature. 

In  ZhPD  are  used  mono-  and  twc-compcne n t  ZhGG,  which,  as  it  was 
shown  into  §  9.1,  can  work  both  on  the  bases  and  on  the  additional 
propellant  components. 

Most  extensively  are  used  the  two-component  gas  generators, 
which  work  on  the  basic  propellant  components,  in  zhBD  with  selection 
of  the  exhaust  gas  from  the  turbite  into  the  environment  for  the  work 
of  two-component  ZhGG  at  the  cutput/yieid  from  the  pumps  is 
selected/taken  small  part  (usually  2-3o/c)  of  rhe 
general/common/total  ccnsumption  cf  basic  propellant  components. 

The  temperature  cf  generator  gas  does  not  usually  exceed  1200Ok. 
If  we  supply  to  the  turbine  gas  with  the  greater  temperature,  then 
the  strength  of  material  cf  blades  ncticeably  descends  or  occurs  the 
fusing  of  the  blades  and  ether  eleaents/cells  on  the  main  of 
generator  gas.  The  required  temperature  of  gas  of  two-component  ZhGG 


DOC 


3  1  00-^004 


PAGE 


is  provided  '-ith  ti.e  ai  jr  i  5i  ca;.' t  •;,<C'=sa  cf  oxilizer  cr  fuel  (see  § 
9.1). 


Are  distinguished  also  cne-regicn  and  twc-region  ZhGG  (Fig. 

13.29)  . 

Page  242. 

In  one-regicn  ZhGG  entire  crccoilant  component  flew  is  supplied 
from  the  side  of  head,  i.e.,  just  as  into  the  basic  chamher/caniara 
ZhRO. 

In  two-ozone  ZhGG  the  part  of  excess  propellant  component  is 
introduced  inside  ZhGG  through  the  additional  belt/zcne  of  injectors, 
situated  in  the  middle  part  cf  the  generator.  In  such  ZhGG  it  is 
possible  to  isolate  two  zones:  the  high-temperature  {2000-3500®K) 
zone  (from  the  head  to  the  cross  section,  in  which  it  is 
arracgad/lccated  the  additional  belt/zone  of  injectors)  and  zone  with 
substantially  the  lower  temperature  (from  the  belt/zcne  indicated  to 
the  output/yield  from  ZhGG) . 

Two-zone  ZhGG  structuraliy/ccnstructionally  more  complex  than 
one-region  ones  and  are  used  wher  in  the  one-region  ones  dees  not 
succeed  in  ensuring  the  stable  process  of  burning  or  their  length  is 
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1  ^  r  *5  ^  .1  u  '0  *■.  o  t  li  3  i.  n  3  u  f  r  1  c  i  ^  n  1  y  d  c  t  i  v  c  o  r  oc  3  o  d  ^  r  u  l  .  *  —  -j  /  ^  -  j  cj  3  ■  i  ■  y 
=  xcf^3s  cf  cr. ~  cf  ■*■.!:-  rrcr~12.3r'^  cciycr. -s"‘^.3. 

For  uali. zatic r.  of  t«.'np#-ratur';  fir;ld  at  th*^  cutput/yie Id  froT, 
ZhGG,  which  has  high  valu*;  for  tho  cxc^ptio n/rliminaticn  cf  fusings 

on  *h-  '  air  of  g'a:, ^  '■  r  -  -~-.- 

t  h a  n  for  t o  cc  r.  r  'as  r  i  c  r.  c  i.  a ::  L  i  . 


Usually  ZhGG  havj»  extarr.al  flc'»<ing  ceding,  which  prcvjdss  th.oir 
r&iiaoiiity  and  prolonged  rssr urce/lifst ime  cf  work;  at  a  relativaly 
low  temperature  of  generator  gas  the  necessity  for  this  cooling  drops 
off. 


Ono-eem  pcr.ar. t  ZhGG,  In  a  numter  of  cases  it  proves  tc  he  more 
vcrthwhlle  to  use  not  t wc-eem penent ,  but  onc-ccmpcnent  ZhGG,  in  which 
in  the  presence  cf  catalyst  is  acccirplished/realized  the 
decomposition  cf  one-compenent  liquid  propellanc  (for  example, 
peroxide  of  hydrogen)  with  the  litcration  of  heat  and  the  formation 
of  gaseous  products;  this  decen position  is  called  catalytic. 

Can  be  used  both  solid  and  liquid  catalysts,  moreover  the  latter 
must  continucusly  be  supplied  in  ZhGG  (this  generator  is  actually 
two-cemponent)  .  Solid  catalyst  they  place  dirsctly  in  ZhGG  in  the 
form  cf  bundle  (Fig.  13. 3C),  Generators  with  the  sclid  catalyst 
simpler  by  the  constructicn/design  are  used  mere  widely. 
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teiperatur?  cf  the  decc .t fcsiticr  products  of  hylraziri  car.  h#^ 
obtained  within  the  limits  frea  ^"35°  tc  ry  char.jiny  ‘‘he 

retention  tise  of  hydrazine  in  the  catalyst  ted  arid  cnanqe  rr  'aa 
length  ZhGG  (by  control  cf  the  degree  of  the  decemposit ic r  cf 
hydrazine) . 

During  sizing  c f  the  sun di  e  cf  soli  d  cat  aly  st  ar  a  us-^d  t  h  5 
following  specific  paraieters. 

1.  Specific  catalyst  surface  area  -  area  of  surface  area  of 
catalyst,  which  falls  per  unit  volume.  For  the  ser ies/nu atf r  cf  the 
catalysts  used  the  specific  surface  area  compes^s  8-80  emVem’. 

2.  Specific  load  of  catalyst  -  maximally  allowable  consumption 
of  liquid  propellant  compenent,  which  falls  cn  1  hg.  of  catalyst, 

’^X.K  Kl'CeK 

«KaT  ' 

Key ;  (1 ) ,  kg/s/kg. 

For  example,  for  the  solid  catalyst,  which  censists  of 
permanganate  of  calcium  Catln04  and  chromate  potassium,  during  the 
utilization  of  80o/o  perexide  of  hydrogen  value  s  composes  2. 5-2. 6 
kg/s/kg. 

with  an  increase  in  specific  surface  area  and  specific  lead  cf 
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Chapter  XIV, 

Starting  systems,  change  in  the  ecde/conditiocs  and  disconnection 
uhRD.  Systems  cf  the  creation  cf  ccntrol  forces  and  tromonts/torques. 

§  14,1,  Starting  systems  2hBD, 

Starting  system  ZhPD  must  provide  sufficiently  rapid,  but  soft 
(without  large  fluctuations  cf  pressure  Pk)  and  reliable  output/yield 
of  engine  on  the  nominal  rating  cf  work  with  the  low  unproductive 
expenditures  of  fuel/prcpellant. 

The  conditions  cf  reliable  starting/launching  of  zhRD  they  are: 

a)  the  absence  of  cvershcot  cf  pressure  Pk  over  the  permissible 
value  (it  can  be  caused  by  the  accuiulaticn  of  a  large  quantity  of 
propellant  components  in  the  chamber/camera  before  their 
inflammation) ;  furthermore,  must  be  excluded  the  formation  cf 
explosive  compound  in  the  chatbex/camera ; 

b)  the  low  level  of  the  pulsation  of  the  pressure  of  combustion 
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products  in  the  chamber/caiat ra  and  the  gas  generator; 

Cl  the  saall  deviaticn  cf  coefficient  x  in  the  chaober/catner ^ 
and  ZhGG  frca  coaputed  values. 

Engins  starting  is  the  ircst  ccirplex  and  critical  period  of  its 
work.  A  great  quantity  cf  emergetcies  of  engines  occurs  precisely 
during  this  period.  The  paraacters  in  the  chanber/canera  and  the  gas 
generator  at  engine  starting  ccntinuously  change,  and  engine  passes 
through  many  aodes/conditicrs,  check  and  the  study  of  each  of  which 
it  is  virtually  impossible.  Therefcce  the  adjustment  of 
starting/launching  usually  causes  the  great  difficulties  which 
inccease/grov  with  an  increase  in  tbe  sizes/dimensicns  of 
chamber/cameca. 

nethods  of  launching  of  ZhBC.  Ace  distinguished  two  methcds  of 
launching  of  ZhRD:  stepless  (smccth  or  "gun”)  and  stepped  (fig. 

14.  1)  . 
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14.1.  A  char.cj=  ir.  th'i  ■♦■hrust  fcrsjSS'ir?  p*K  wi/:h  ii  f  pi”  tyr-.cs 
cf  starting/launching  and  disccrnccticn  of  Zh?D:  1  -  sharp  ("gar.”) 
starting/launching;  disccrnectlcn  without  th«»  final  st^p/stag®:  2  - 
starting/la unchir.g  with  the  prslifflinary  stage;  disccnnectior.  without 
the  final  step/stage;  3  -  starting/launching  with  the  preliminary  and 
intermediate  staps/stages ;  the  disconnection  through  the  final 
step/stage* 

Key:  (1) «  s. 

Page  245. 

with  stepless  starting  of  engine  the  propellant  component  flow 
into  the  chasber/casera  increases  continuously  smoothly  (smooth 
starting/launcbing)  or  sharply  ("gun"  starting/launching). 

The  smooth  increase  cf  the  propellant  cosponent  flow  is  provided 
by  the  special  chokes/tbrcttlcs  with  electrical  or  hydraulic  drive. 


I 


adjustad  in  the  mains  cf  propellant  components. 

Durino  the  "gun"  starting/launchinj  t.iere  is  a  danger  of  the 
emergenca  cf  hydraulic  icpacts  and  inadmissible  overshoct  of  the 
pressure  of  combustion  products.  Therefore  this  starting/launching  in 
•;hi  pur  ’  fur.-n  is  r.ct  us  =  c.  The  use/appli cat  lo r  of  stepless 
start:  r.  Vi- ir  j  simplifies  diacram  and  ccn str  ucticn/desigr.  cf 
engine,  reduces  to  the  mitiaun;  rctprcductiva  expenditure  of 
propellant  components  and  the  launch  delay  of  rocket  vehicle  (time 
from  the  mcnent  of  supplying  ccmBand/crav  to  the  start  of  apparatus) . 
Stepless  starting/launching  is  used  in  essence  for  the  engines  of  low 
and  average  thrust  with  the  forced  and  pump  feed. 

?br  ZhRD  of  high  thrust  with  the  pump  feed  in  a  number  of  cases  is 
used  the  step  start,  acccaplishsd  through  the  preliminary  or 
intermediate  sre p/stage.  The  preliminary  stage  is  characterized  by 
the  fact  that  before  the  supply  of  the  complete  propellant  component 
flow  into  the  chamber/cairera  is  supplied  their  low  consumption  with 
hydrostatic  pressure  and  boost  pressure  of  tanks,  with  this  TNA  it 
does  not  work.  In  this  case  in  the  chamber/camera  is  formed  the 
reliable  flame  of  burning. 


Intermediate  step/stage  is  characterized  by  the  fact  that  TN& 
and  engine  before  the  output/yicld  on  the  nominal  rating  for  a  while 


work  in  thE  incompletE  ac<3E/ccr.diticns;  this  can  b€  Cfequicsd,  for 
exampls,  fcr  a  decrease  in  the  veiccity  of  the  increase  of  the 
propellant  component  flcv  into  the  chaoiber/cairera. 

For  the  starting/launching  of  ZhRD  with  the  turbopuap  unit  it  is 
necessary  to  preli^i ina ri  1  y  untwist  rumps,  for  which  to  the  turbine 
supply  auxiliary  gas  and  force  the  tanks  of  propellant  ccapccents 
with  the  aid  of  any  peripteral  pies£uriz.ed  system  (usually  its  own 
pressurized  system  of  the  tanks  cf  engine  installation  enters  in  the 
ef fect/acticn  only  through  several  seconds  after  command/crew  on 
firing  of  engine) . 

Preliminary  tank  pressurization  and  firing  of  TNk  the 
first-stage  engines  cf  rocket  can  be  produced  from  the  ground-based 
starter,  and  the  second  ard  subsequent  steps/stages  -  from  the 
preceding  rocket  step/stage.  Bewever,  frequently  more  effective  prove 
to  be  starting  systems,  included  in  the  cempositien  cf  DO  of  the  same 
rocket  step/stage. 

For  the  starting/launching  of  turbopump  unit  to  its  turbine  they 
supply: 

1.  Gas  (heliuB,  nitregen,  air  cr  hydrogen),  placed  in  the 


starting/launching  tank/kallccr. 
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2.  Coabustion  products  of  twc  starting/launching  propellant 
coapccants  or  dacoapcsitlca  prcducts  of  one  starting/launching 
compor.ent,  which  arf  generated  in  tasic  ZhiG,  Starting/la jr.c -i".  : 
propellant  components  are  supplied  into  the  gas  generator  frcs  ths 
starting  tanks  with  the  gas  storage  tank  cf  pressure.  This  system  cf 
sufficient  is  effective:  it  eakes  it  possible  to  ensure  aulticlying 
of  engine. 

3.  Coabustion  products  cf  solid-propellant  grain*  placed  in 
powder  start*  or  starting/launcbing  of  TG6.  It  rely  on  the  burning  c 
charge  during  short  (to  Is)*  sufficient  for  the  output/yield  of  TNA 
to  the  noainal  eating,  with  the  turbine  boost  by  starter  the  pumps 
create  the  necessary  pressure  of  cceponents  cf  the  propellants  which 
begin  to  enter  ZhGG.  Gas  generatcc  gees  out  tc  the  noainal  rating* 
and  turbine  autoaatically  is  switched  from  the  feed/supply  frem  the 
starter  to  the  feed/supply  frea  ZbGG. 

The  coabustion  products  of  the  charge  of  starter  usually  are 
supplied  to  the  basic  turbine,  fiewever*  they  are  used  by  ZbRC  with 
the  turbopuap  unit  in  ccapcslticn  ct  which  is  an  additional 
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sta rtin^/la  urchin^  turbic*?,  which  wcrks  only  during  tngine  starting. 

The  cartridge  starters  in  essence  are  used  rcr  the 
starting/launching  of  ZhBE  with  the  cne-time  inclusicn/connection. 

The  schematic  of  engine  in  this  case  is  simpler  than  during  the 

us  z /appl:  C3 1 icn  cf  liquid  star*-ing/lau?.ching  cropellar.r  ccr.ccnan  ts. 

4,  Products  cf  ccmfcusticr.  cf  basic  propellant  ccr.ponsnts,  which 
enter  from  tanks  under  hydrostatic  pressure  and  pre-cperational  boost 
pressure  of  tanks.  In  proporticn  tc  the  formation  cf  comhusticn 
products  in  ZhGG  and  their  ertrances  to  the  turoine  begin  to  enter  in 
the  work  pumps,  which  leads  to  an  uninterrupted  increase  of  the 
propellant  component  flow  into  the  gas  generator.  If  during  entire 
starting/launching  the  available  power  of  turbine  is  more  than  the 
pcwer,  consumed  by  pumps,  then  as  the  final  result  of  ZhGG  engine  as 
a  whole  they  go  out  to  the  rcslral  rating  of  work.  During  such 
starting/launching  (it  they  call  self-starting  mechanism)  is  provided 
greatest  simplicity  bcth  cf  cne-tlse  and  multiplying  cf  engine. 

For  the  starting/launching  TNA  of  auxiliary  aviation  ZhBD  it  is 
possible  to  use  an  electric  meter. 


Special  features/peculiarities  cf  starting/launching  ZhRD  under 
different  environments.  Engine  starting  system  depends  substantially 
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cr.  the  takfcff  ccriit.icrs:  on  the  earth/ground,  at  tha  h:  jh.  altitude, 
in  catpr  space,  etc. 


During  engine  starting  on  the  earth/ground 
abnormalities  it  it  is  possible  tc  turn  off,  if 

-xc'-i  1  lunch:,  r.j  vvight  cf  reexet,  if 


in  the  case  cf  any 
the  engine  thrust  did 

it  did  r.c"^  h «  :ir. 


.  ai  -  si  , 


Page  247, 

It  is  possible  to  held  rccket  in  the  starter  and  with  the 
engines,  included  to  the  complete  thrust,  by  special  captures/grips 
(levers)  or  by  the  explosive  belts  (latter  ars  torn  upon  reaching  of 
the  prescribed/assigned  engine  thrust).  To  shcrtcomings  in  this 
starting  system  should  he  related  the  high  unproductive  expenditures 
of  propellant  components  prior  tc  the  start  and  the  impact  leads  on 
the  lower  bottoms  of  tanks  at  the  moment  of  missile  takeeff. 

Especially  high  requirements  present  to  the  reliability  of 
engine  starting  systems  cf  tfae  second  and  subsequent  steps/stages  of 
multistage  rocket,  and  also  the  engines  of  the  space  vehicles  which 
are  included  under  conditions  cf  high  vacuum.  If  engine  was  net 
launched  on  any  reason  cc  was  broken  upon  the  inclusion/connection, 
then  was  unavoidable  the  emergency  cf  rocket  (KA)  .  Fcr  example. 
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reiterative  guiding  a  satellite  into  orbit  with  the  aid  of  the  rocket 
"Europe”  were  ended  by  failure  as  a  result  of  nonstarting  of  the 
engines  of  upper  stages. 

The  evenness  of  engine  starting  under  conditions  cf  cuter  space 
isperds  on  the  whole  series  cr  factors,  first  of  ail  from  the 
pressure,  with  which  proceeds  the  prcpailant  ignition,  and  alsc  frcm 
the  temperature  of  its  ccnpcner.ts,  crifices  of  injector  and 
combustion  chamber  walls. 

Softer  starting/launching  and  reliable  propellant  ignition  is 
provided  in  the  presence  cf  ccmbnsticn  chamber  pressure.  Therefore  in 
the  critical  cress  section  cham kers/cameras  usually  install  the 
silencer/plug  which  retains  atmospheric  pressure  in  the 
chamber/camera  to  engine  startitg.  fiith  the  pressure  increase  cf 
combustion  products  the  silencer/plug  is  thrown  out  behind  the 
nozzle. 

The  temperature  of  the  orifices  of  injector  and  chamber  walls 
must  be  such  that  would  be  elininated  the  freezing  cf  propellant 
compenants  daring  engine  starting,  which  can  lead  to  the  explosion  cf 
chamber/cam  era. 


The  evenness  of  staiting/launching  affact  also  the  properties  of 
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propellant  components  and  the  cider  of  their  entrance,  th? 
constructicn/dssign  ci  the  head  of  chamber/cacera  and  cthar  facrcrr. 
For  example,  the  hypergclic  fuels  must  possess  thrf  shor*-  'arioi  of 
the  dalay  of  spontaneous  ccmhusticr. 

Starting  of  the  engines  of  the  second  and  s  u  hse  gn  -  r.  o 
steps/stages  of  multistage  rocket  depends  on  tha  type  of  stag = 
separation.  Usually  the  stages  cf  rocket  rigidly  ccnnact  b-'=*-WT-=-i 
themselves  by  the  explosive  belts  which  are  undsririned  hy  succlying 
on  them  the  electric  current  at  the  required  acraant  cf  time. 

Is  distinguished  cold  and  is  hotter  stage  separation.  During  the 
cold  separation  sain  engine  c£  upper  stage  does  not  work; 
steps/stages  are  separated/liberated  from  each  other  by  the  brake 
motors  of  lower  (mastered)  step/stage  or  by  starting  motors  cf  upper 
(subsequent)  step/stage. 

Hotter  separation  is  provided  by  the  thrust  of  main  engine  of 
upper  stage,  which  simplifies  diagram  and  constructicn/design  of  the 
rocket  (it  is  possible  tc  manage  without  brake  and  starting  setors) . 
However,  this  stage  separation  is  complicated  to  master  as  a  result 
of  the  emergence  of  perturbing  forces  and  moments/torques  tc  the 
upper  stage,  which  must  be  eliminated  by  the  control  system. 
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For  decreasing  cf  perturbing  forces  and  moments/tcrgues  during 
the  hot  separation  it  is  possible  tc  use  a  step  start  of  main  engine 
of  the  upper  stage;  first  engine  wcrks  in  the  lowered/reduced 

niod  e/con  .n't- ions  and  shi'"*‘=d  into  th-:  r.^’ir.al  ratin:  afi-r 
se  parat ion. 


with  the  hot  stage  separation  it  is  necessary  to  abstrac- ero ve 
the  combustion  products  cf  main  engine  from  the  section  between  the 
steps/stages;  furthermore,  is  leguired  the  additional  heat  shield  of 
engine. 

The  engines  of  satellites  and  space  vehicles  must  reliably  be 
included  under  conditions  of  high  vacuum  and  weightlessness  after 
endurance  flight  in  orbit  of  satellite  or  interplanetary  flight.  For 
engine  starting  with  TNA  under  conditions  of  weightlessness  it  is 
necessary  to  raise  the  pressure  cf  propellant  components  on  entering 
the  pumps.  Together  with  ether  methods  for  this  purpose  use 
(especially  in  the  large/ccarse  rockets)  starting  motors.  ZhRE, 
working  on  the  cryogenic  propellant  components,  under  conditions  of 
weightlessness  can  be  included  by  supplying  their  vapors  from  the  gas 
cushions/pads  of  basic  tanks  into  the  chamber/camera,  i.e., 
the  vapors  indicated  as  the  starting/launching  components. 


to  use 
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St arting/launchir j  ZhPD  with  the  pr essur uri z =d-propc llant  fead 
up.dfir  zcnd’.ticns  of  w* ightl-istress  presents  siailer  dif f icult ias.  In 
such  eaginss  for  supplying  the  prcpellant  ccflifon®nts  into  the 
chaBber/camera  in  the  liquid  state,  but  not  in  the  fcrm  of  ecrulsicn 

-ith  “r.-  'isplacing  gas  usa  separating  ievicJ-s. 

It  is  aicst  difficult  tc  ensure  repeated  cr  nultipie  starting  of 
the  engines  of  space  vehicles,  especially  if  an  interval  between  the 
starting/launching  prolonged  (but  it  can  reach  several  years) .  If 
upon  the  first  firing  cf  sngine  in  its  cham bet/caaera,  hermetically 
sealed  by  silencer/plug,  is  an  ait  pressure,  then  upcn  the  subsequent 
inclusions  the  internal  cavities  cf  chamber/camera  prove  to  te  in  the 
vacuum  that  is  changed  the  character  of  the  mixing  cf  prcpellant 
components. 

Construction/design  and  schematic  of  engines  with  repeated  and 
multiplying  unavoidably  become  ccoplicated;  in  particular,  one  should 
consider  with  the  fact  that  after  engine  cutoff  the  heat  is 
transmitted  from  the  chamber/ca lera  and  ZhGG  to  the  colder 
aggregates,  causing  their  superheating  which  oalces  impossible  the 
subsequent  firing  of  engine.  Seat  fluxes  are  especially  great,  if 
there  is  a  nczzle  of  nozzle  with  the  radiant  cooling.  In  the 
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chamber/caincra  with  th®  sxtfernal  flowing  cooling  can  bcil  ov^r  the 
ccolant  in  its  channel;  if  the  vafcrs  of  coolant  do  not  manage  tc  b* 
ccndensfid  tc  tha  following  starticg/launching ,  then  its  reliability 
also  cannot  be  guaranteed.  Therefore  for  the  condensation  of  the 
evaporated  coolant  time  intarval  between  the  disconnection  and  the 
engine  restart  niust  be  sufficient  tc  largo  ones;  otherwise  it  is 
necessary  tc  blow  the  coolant  passage.  For  decreasing  the  transfer  c 
heat  from  the  chamber/cameta  tc  the  odder  engine  accessories  it  is 
possible  to  use  adapters  from  the  ncn-heat-conducting  material,  and 
tc  also  decrease  the  engine  thrust  in  the  last  seconds  of  its  work. 

Page  249. 

The  chaaber/camera  of  pulse  of  ZhRD,  which  work  on  the 
hypergolic  fuels,  does  net  usually  have  the  ccolant  passage;  main 
valves  of  engine  perform  with  electric  drive  and  install  directly  in 
the  head  chambers/cameras,  which  provides  the  short  duration  of  tha 
transient  operating  modes  and  the  creation  of  the  very  low  steering 
impulses.  With  the  decrease  of  the  volume  of  mains  after  the  valves 
indicated  is  shortened  the  time  cf  the  output/yield  of  engine  by  the 
noeinal  rating  during  the  starting/launching  and  the 
iapulse/aoeentUB/pulse  cf  consequence  during  the  dlsconnscticn. 


Id  order  to  avoid  the  freezing  of  proponent  components  after 
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engine  cutoff  (as  a  result  of  the  intensive  cooling  in  outet  space) 
to  the  cond uits/manifclds  and  the  head  of  charbc r/caTera  will  be 
applied  a  layer  of  heat  irsulaticn,  Fcr  Tiairtaining  th^  tenperature 
of  propellant  components  kithin  the  reguirad  limits  the  engines  of 
space  vehicle  can  have  the  special  shields,  which  shield  ther  free 
the  solar  heating. 

Propellant  components  can  freeze  after  enginp  cuteff  with  the 
certain  degree  of  the  ncnheritetic  state  of  valves  (or  the  saddle)  ; 
the  filtered  component  under  cenditiens  of  vacuum  bcils;  the 
expenditure  of  heat  for  vaporization  depresses  the  temperature  of  the 
component  lower  than  teipeiature  cf  its  freezing. 

Upon  the  reclosin-g  cf  engine  under  conditions  of  space  can 
sharply  be  raised  pressure  Pv.,  and  cause  the  destruction  of 
chamber/camera.  The  reasen  the  pressure  increase  can  be  the 
deposition  of  the  propellant  compenents,  which  were  evaporated  from 
the  cavity  of  the  head  cf  chamber/camera ,  on  its  walls  after  engine 
cutoff:  therefore  it  is  necessary  tc  maintain  the  temperature  of 
chamber/cameca  after  engine  cuteff  within  certain  limits. 

The  analogous  phenomenon  is  observed  upon  the  reclosing  ZhPD, 
which  work  on  the  hypergclic  fuels  on  basis  of 

aerozine-SO,  N2C4*S2H*)  ,  under  conditions  cf  outer 
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space  and  is  explained  by  the  fcrmation  of  interiUt-diate  Jangerousl/ 
sxplcsiv®  products  ia  the  chaoter/caaera  ir.  the  p^ricd,  which 
precedes  inflammation.  It  is  estatlishsi/installed,  that  the 
temperature  of  the  conpcnents  of  propellant  and  chamber/camera  before 
the  reclosing  cf  engine  must  te  net  lower  than  2940K  [21oc]  [1]. 

"or  the  safeguard  cf  soft  starting/laur.c..i ;  of  ZhRD,  which  work 
on  the  hypergolic  fuels,  under  cenditiens  of  cuc-.r  space  are 
effective  different  additives  tc  them. 

The  starting/launching  cf  cne-ccoponent  ZhRD  has  its  special 
features/peculiarities.  Fcr  example,  upon  firing  of  hydrazine  engine 
it  is  necessary  to  first  warm  up  catalyst  bed  by  supply  into  the 
chamber/camera  of  the  starting/launching  consumption  of  nitrogen 
tetrcxlde.  After  the  warm-up  cf  catalyst  the  engine  stable  works  only 
on  hydrazine. 

Page  250. 

Systems  of  cooling  the  sains  cf  engine.  If  the  temperature  of 
the  components  cf  the  propellant  (fcr  example,  cryogenic)  lower  than 
ambient  temperature,  then  before  engine  starting  is  produced  cooling 
its  mains  (pumps,  valves,  conduits/manifolds,  etc.) .  Otherwise  before 
the  entrance  of  liquid  propellant  components  into  the  chamber/cam«ra 
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ar.a  2hGG  will  entsr  thplr  vaptrs,  ana  ther.  mixture  cf  vapcrs  with  ths 
li'Tuid  ccmi'cr.snts.  As  a  r?sult  -.ill  ba  iecalaratad  the  output  of 
engine  to  the  nominal  rating,  and  rcefficient  '''■  substantially  will 
deviate  frooi  the  nominal  value. 

Tr.  th-  Cham  ber/camara  car.  he  fcrn'^i  i-.*- *  rm  <  ^  “  c  .Th^Tical 

rsaction  products,  inclined  tc  the  tetonation;  iator.aticn  is  possible 
in  the  vapors  of  propellant  ccnpcnents.  Tha  phenomena  indicated  can 
lead  to  thP  explosion  of  chaater/caisera  cr  ZhGG  upon  firing  cf 
engine. 

Cooling  the  mains  of  engine  is  necessary  also  in  order  to 
exclude  the  cavitation  cf  the  pumps  of  cryogenic  propellant 
components. 

It  is  most  simple  tc  cool  the  mains  of  engine  by  the 
transmission  through  them  cf  prcpellant  components;  they  enter  from 
the  tanhs  under  the  hydrostatic  pressure  and  the  boost  pressure,  they 
flow/occur/last  over  the  mains  cf  engine  and  through  the  open  bypass 
valves,  established/installed  on  the  entry  into  the  chamber/caaera 
and  ZhGG,  are  abstracted/reaoved  off  cf  rochet  vehicle.  If  is 
required  to  cool  the  main  cf  cne  prcpellant  ccaponent,  then  it  it  is 
possible  tc  pass  directly  into  the  chamber/camera;  liquid  component 
flows  out  behind  the  nozzle  of  chamter/camera ,  vaporizinq  tc  a 


I 
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certain  degree.  Iio-.-ever,  i»i  this  systas  is  increased  th*  unprcductivs 
.rcpeliant  ccoronent  flch. 

It  is  possible  tc  use  the  special  systens  of  cooling  the  aains 
in  which  are  included  reclrculaticg  puaps  with  the  separate  drive; 
prcpelLant  ccipcnrr.t  is  cuTped  trcir  the  tar\.<  in'co  tr.e  aair., 
ceded  it  and  tr.rrunh  the  cpec  bypass  valve  again  it  asters  tanx. 

Syste.a  is  connected  by  several  ticutes  before  engine  starting.  After 
the  ccapleticn  of  coclinq  bypass  valve  is  clcsed  and  is  given  connand 
to  engine  starting.  Since  the  cevpenents  of  f uel/propellant  with  th» 
course  on  the  eain  of  engine  it  receives  heat  fluxes^  it  oust  be 
preliaicarily  supercooled. 

Tine  by  cooling  of  aggregates  and  condults/aanifclds  is 
shortened  with  coating  of  the rvc' insulating  aaterial  (for  exaaple, 
plastic)  on  their  surface,  which  is  contacted  with  the  cryogenic 
propellant  cceponents. 

Page  251. 

order  of  the  entrance  of  propellant  coapenents  into  the 
chaaber/caaera.  In  the  process  of  the  adjustaent  of  engine  is 
selected  this  lead/advance  of  the  entrance  of  one  propellant 
coaponent  into  the  chaaber/caaera  relative  to  another,  with  which  is 
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provided  soft  startinij/la  unching.  Valves  .iiust  operate/wear  at  the 
strictly  defined  moaents  cf  tirp  which  car.  be  different  fer  the 
valves  of  cxidizer  and  fuel. 

The  selection  of  the  order  cf  the  entrance  of  propellant 
coaponants  into  the  chait^r/ca’-era  or.  z':.s  ty;--  of  ccaconent. 

Fcr  example,  it  is  establishcd/install.^  I,  cait  in  che  case  cf  work.  or. 
fuel/propellant  the  red  fuainc  nitric  acii  *  UD.'iH  should  hs 
oxidizer  supplied  into  the  chamker/camera  earlier  than  the  fuel; 
smooth  engine  starting  is  provided  ty  ingress  of  heat,  which  was 
isclatad  in  the  initial  phase  of  turning,  by  excess  quantity  cf 
oxidizer. 

in  hydrogen  ZhRD  for  this  purpose  the  fuel  (hydrogen)  is 
supplied  into  the  chamtec/canera  cf  earlier  than  the  oxidizer. 

Systems  of  scavenging.  Befcie  starting  of  some  engines  the  mains 
of  the  supply  of  f uel/prcpellan t  blew  by  the  inert  gas  (nitrogen  or 
helium) .  Fcr  example,  ic  cxygen  zbFC  usually  blow  the  mains  c£  liquid 
oxygen  of  chamber/camera  and  ZhGG,  and  also  pachicg/seal  of  the  pump 
of  liquid  oxygen.  Scavenging  eliminates  the  incidence/impingement  in 
them  of  fuel,  which  can  lead  to  the  explosion  of  engine  and  it 
prevents  the  accumulaticr  cf  a  large  quantity  of  propellant 
components  in  the  aggregates  indicated. 
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During  the  launching  cf  recket  frem  th«  grcunc-fcastd  starter  the 
scavenging  can  be  corduct®d  frem  the  ground-based  tank/ballocn  with 
tha  cenpressed  gas,  and  in  the  engines  the  second  and  cf  the 
subsequent  steps/stages  cf  rccket  -  £coa  the  tank/balloon,  placed  at 

the  preceding  5tr3r/3ta'Te . 

§  14.2.  Ignition  systeas. 

In  ZhRD,  which  work  cn  the  ncnsccntaneously  combustible 
cuals/prope Hants,  is  used  the  special  systam,  which  at  the  irenent  of 
engine  starting  supplies  beat  tc  the  first  poctiens  cf  the  propellant 
coaponents,  which  enter  the  chaBhec/canera  and  ZhGG,  as  a  result  of 
which  occurs  their  inf lanBaticn. 

All  subsequent  poctiens  c£  pccpellant  coaponents  enter  the 
stable  flaae  of  burninq  and  are  ignited  by  the  coabustion  products  of 
the  preceding  portions. 

For  the  reliable  inflaaaaticn  cf  propellant  coaponents  under 
conditions  for  the  work  cf  engine  (in  the  Earth,  in  cuter  space, 
etc.)  the  ignition  systea  aust  isolate  a  sufficient  quantity  of  heat 
in  the  greater  possible  vcluac  cf  chaaber/caacra  or  ZhGG.  with  an 
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ir.urease  in  the  quantity  cf  heat  the  iqniticn  delay  is  decreased, 
which  -ill  irir.at^ s  the  pcssibility  cf  the  accuaulaticr.  cf  propellant 
compcrants  in  the  chaotec/caaera  and  ZhGG  during  engine  starting. 

The  ignition  systea  ZhEtC  cf  sultiplying  aust  provide  the 

ir  f  la -.'.i*  i~r.  cf  propell^rr  ccTccr?r-:s  i-.  the  trcc^^ss  of  each  =n:ino 
stirt:n7,  which  cctplicatiS  its  ccrstructrcn/d^sign. 

Page  252. 

Tne  selection  of  ignition  systea  depends  on  the  properties  of 
the  components  of  propellant,  ccnatruction/design  of  engine  and 
conditions  for  its  operation.  Are  distinguished  the  kuilt-in  and 
insertable  ignition  systems.  First  type  systee  build  in  in  the 
construction/design  chaatcrs/cascras  or  ZhGG  and  they  use  usually  in 
ZhRD  of  multiplying.  Second  type  systeas  introduce  into  the 
cbaaber/caaera  frca  the  side  cczzles,  moreover  they  are  the  part  cf 
starter  or  are  Installed  on  the  strut,  attached  in  nczzle  throat,  it 
is  possible  to  use  them  cnly  in  the  engines  of  one-tiae 
icc Iasi on/ccnnect ion . 

Ignition  system  sust  enter  in  the  work  to  the  entrance  cf 
propellant  coaponents  into  the  chaaher/caaera  and  ZhGG.  In  a  number 
of  cases  is  used  the  blccking,  which  Bakes  impossible  the  entrance  of 
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propellaTit  conponeots  into  the  chaitbcr/camara  and  ZhGO,  if  ignition 
system  on  any  reason  do<?s  net  c perat'!/''2ar.  Int'^rlock  system 
eliminates  missile  takeeff  with  ere  shut-down  engine  in  the  engine 
installation,  which  consists  cf  several  engines,  cr  with  cne 
nonwerking  chamber/camera  in  the  ncltichamber  engine. 

In  ZhGG  of  the  engines  both  cf  cn-s-tims  ani  inuitiply ir.g  it  is 
necessary  tc  use  igniticn  systea  cf  built-in  type. 

Is  distinguished  the  pyrctechnic,  chemical,  electrical,  thermal 
and  comoined  ignition. 

Cartridge  ignition.  The  system  cf  cartridje  ignition  creates 
flams  in  the  chamber/camera  and  ZhGG  as  a  result  of  the  combustion  of 
solid-propellant  grain.  Fcr  an  increase  in  the  quantity  of  isclatable 
heat  and  increase  in  the  reliability  of  ignition  system  it  is 
possible  to  use  several  sclid-prcpellant  grains  (^ig  14.2). 

The  system  of  cartridge  igniticn  is  characterized  by  siitplicity 
and  high  reliability;  the  electrical  power,  consumed  for  operating 
the  explosive  charges,  that  replace  solid-propellant  grain,  it  is 
small.  However,  this  system  has  the  limited  field  of  application  (for 
ZhRD  of  one-time  inclusicn/ccnnecticn)  and  requires  the  observance  of 
the  precautionary  measures  tc  avcid  its  accidental  operation  during 
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the  engine  checks. 


Hypergolic  igniticr.  The  systeir  of  hypergolic  ignition  creates 
flame  by  supply  into  the  chamter/cairera  and  tc  ZhGG  cf  the  components 
of  the  starting/launching  hypercclic  fuels;  into  the  chamber/camera 
they  enter  thrcujh  its  heai  cr  thrcugh  t  h*’  li  ghtirg  dsvic"^, 
introduced  from  the  side  cf  nozzle. 

In  the  system  of  hypergclic  ignition  frequently  is  used  the 
liquid  starting/launching  component  which  will  be  ignited  with  the 
contact  with  cna  cf  the  basic  ccmpcnents  cf  propellant  (Fig.  14.3); 
during  the  build-up/growth  of  their  pressure  in  the  period  cf  engine 
starting  are  ruptured  the  meobraoes/diaphragms,  in  the  wolume  between 
which  is  placed  starting/laurchirg  fuel.  The  pilot  flame  in  the 
chaober/camera  is  formed  during  the  reaction  cf  starting/launching 
fuel  with  the  basic  oxidizer,  after  which  intc  it  begins  to  enter 
basic  fuel. 

The  consumption  of  starting/launching  propellant  component,  per 
unit  the  nozzle  throat  area  of  chavber/camera .  must  be  sufficient  for 
the  reliable  inf lammaticn  of  basic  components. 


Page  253 
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For  ZhRD  of  multiply  i.;y  stantic'j/ld  unchinj  propellant  ccmpor.ent 
into  the  period  of  startirg/laurchin'^  of  the  spscial  small  tank  on 
the  conduit/manifcld  through  the  open  valve  enters  chamber/camera. 
Then  valve  is  closed,  ard  conduit/manifold  is  blown  by  inert  gas. 

In  hydregrn  Zh?n  •  - *•  crtirg/launchin  i  fu-1  is  used 

trier hylaluminum  or  fluorine  which  ignita  spontaneously  with 

the  contact  with  liquid  hyd-cgen. 

The  system  of  hypergclic  ignition  provides  multiplying  of  engine 
and  its  rapid  cutput/yield  to  the  nominal  rating;  it  is  reliable, 
sufficiently  simple  and  extensively  it  is  used  in  contemporary  ZhRD. 

Shortcomings  in  this  system  include  the  utilization  of  a 
dangerously  explosive  and  toxic  starting/launching  component  and  the 
presentation  of  the  increased  requirements  for  its  valves  during 
their  inclusicr./connecticn  and  disconnection  for  preventing  of  sharp 
starting/launching  and  explosion  of  engine. 

Electrical  ignition.  As  the  initiator  of  inflammation  can  serve 
starting/ launching  spark  plug. 

The  system  of  electrical  ignition  allows/assumos  multiplying  and 
can  be  used  after  prolonged  storage  cf  engine;  it  is  sufficiently 
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siafle  ar.d  saf:  ir.  th-  invcrsacr..  Hcwever,  tha  aizc-s/dijiensicns  cf 
thp  iri*iatcr  of  ir.f lamiraticn  (sfark)  are  lew,  tha  ccr.tacts  of  car.dle 
can  be  ccr.taT,3.r.ated  ard  give  short  circuit,  and  aloo  rapidly  be 
charred.  Furthermore,  fer  the  work  cf  this  system  is  required 
electric  power  source  sufficiently  large  power. 

Taarmal  :.qr.iticr..  If  cxioiz^r  is  peroxide  of  hydreger.,  then  fer 
the  propellant  ignition  it  is  pcssifcle  to  use  the  preducts  of  its 
expansions  which  are  formed  ir.  the  precombust ion  chamber.  In  the 
chamber/cacera  first  are  supplied  the  dscompositicn  products  cf 
peroxide  of  hydrogen,  and  then,  after  their  pressure  increase  to  the 
assigned  magnitude,  combustible.  This  ignition  is  called  thermal.  It 
excludes  the  possibility  cf  the  accumulation  cf  propellant  components 
in  the  chamber/camera  during  engine  starting  and  is  the  safest  and 
reliable  method  of  ignition. 


riT.  14.2.  Cha^ber/canera  with  the  irsertabl;  sysfim  of  f.;-?  cartri 
itr.ition  of  propellant  ccapcner.ts:  i  -  pyrocartridges;  2  -  strut; 
silercar/nlug;  4  -  electrical  leads. 


♦ 


Fig.  14,3.  Chamber/camera  with  systent  of  hypergolic  igr.iticr  cf 
propellant  components;  1,  4  -  meirtrane/diaphragni  cf  free 
breach/irrush:  2  -  filler  pipe;  3  -  star ting/launchir.g  prcpellant 
compone  nt. 

Page  254, 

Combined  ignition.  That  ccmtined  is  called  the  ignition,  with 
which  the  small  part  cf  tasic  ccmpcnents  cf  fuel/propellant  (or 
starting/launching  components)  in  the  period  cf  engine  starting  is 
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3uppli  =  d  irto  the  precointusticr.  chairber  ar.i  will  hi  ijiiit-J  in  it 
with  thp  aid  cf  any  igniticr.  systenr  (for  “xaapla,  electrical). 
Generating  ccabusticn  products  enter  chamber/camera  and  ignite  basic 
part  of  the  coraponsrts  (Fig.  14,4).  The  presence  cf  the  precc abusticn 
chamber,  which  creates  the  pilct  flame,  in  a  number  cf  cases  lightens 
trigger  conditions. 

Most  frequently,  especially  in  the  high-thrust  engines,  uso  th^ 
systems  of  chemical  and  cartridge  ignition,  and  in  aviation  cf  ZhRD  - 
systems  of  the  electrical  and  combined  igniticn. 

§  14,3,  Systems  of  a  change  in  the  operating  mode. 

If  engine  is  not  equipped  by  special  systems,  then  it  gees  out 
to  the  nominal  rating  with  the  larger  or  smaller  deviation  cf 
combustion  chamber  pressure  Pk  and  fuel  component  ritio  x  (and, 
consequently,  thrust)  frea  computed  values. 

The  deviations  of  pressure  Pk  and  coefficient  x  from  the 
nominal  values  are  not  identical  fer  different  samples  of  engine  due 
to  the  effect  of  a  number  of  factors:  change  cf  the  density  cf 
propallant  components  in  the  dependence  on  the  ambient  temperature, 
spread  of  the  pump  perfcrmance  and  hydraulic  resistance  of  mains, 
effect  of  the  linear  acceleration  cf  rochet  vehicle  cn  the  werh  cf 


9H 

?  ^  '  t  .  •  •#!  :  j- in  j  r.d  v  »  \r.  effect  the  qas 

vcluics,  t<r.ic?-  ar-»  ir  the  prcpellant  coaponents  during 

servicin'!  of  tar.ns  -sr  as  a  result  cf  their  saturation  by  the 

"  1  .  :»r  cf  •  ic  a '•  in  devices  tarSts). 

The  er.  Ji;  r  -.r  ist  can  chance  tc*‘h  an  the  commands/cr ews  of  the 
systsn  cf  centre  I  of  rocKSt  vehicle  and  it  is  spontaneous.  3y  the 
reasen  for  spent anaous  change  thrusts  can  be,  in  particular,  the 
decrease  of  the  flow  area  cf  the  tain  of  feed/supply  of  turbine  the 
working  nediuB/propellant  (gas)  as  a  result  of  the  precipitation  of 
the  solid  particles  of  the  sect  cn  the  walls,  the  decrease  of  the 
flow  area  of  the  coolant  passage  cf  chamber /camera  as  a  result  of  the 
depositions  cf  the  particles  cf  the  decomposing  ccmfcustible  cn  the 
walls  channel,  etc.  As  a  result  cf  this  change  the  censumptien  of 
fuel  m  and  coefficient  x,  which  leads  to  a  ceducticn/descent  in  the 
specific  impulse,  the  increase  In  the  finite  mass  cf  rocket  vehicle 
(rocket  step/stage)  and  ether  undesirable  consegusnees. 

On  the  special  featuces/peculiarities  of  control  systems  the 
engines  car.  be  subdivided  as  fcllcws. 
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“ir.  14.:*.  c;.  r  .'ca-r-ra  with  tha  ccmbir.ai  iqr.it’cn  syst’n  cf 
ccr,pcr  =  r.ts  cf  the  f  uel/ cr  cpella  rt :  1  -  preccatus-cion  chamber;  2 
electrical  sparkplug. 

Page  255. 


1.  Engines  with  control  systems,  which  depend  on  special 
features/peculiarities  cf  flight  cf  rocicet  vehicle.  The 
mode/conditions  cf  the  work  cf  such  engines  changes  cn  the  signals  of 
the  sensors  cf  the  system  of  cortrcl  of  rocket  vehicle  (cn  the 
so-called  flowing  signals  SU)  or  cc  the  signals  cf  program 
transmitters  according  tc  the  predetermined  program  (on  the 
programmed  signals  SU) . 

2.  Engines  with  control  systems,  which  obtain  signals  only  from 
sensors,  entering  engine.  Such  ccctrcl  systems  call  internal  engine. 
They  maintain  nominal  engine  power  rating. 
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3.  Engines,  net  equicpe.cl  any  centre!  systeiiis.  Ih®  .Tied?  cf 
their  operation  in  the  initial  jeried  is  dsterainel  by  »djuEtr®r.t 
during  assembly  but  in  th®  prccess  cf  farth'^r  work  it  can 
spontaneously  change  (see  pq.  254).  So  that  the  deviations  of 
pressure  P*  and  coefficient  v.  from  the  ncminal  values  would  be 
lew,  produce  the  spill  cf  th®  mains  cf  re®d/supply  cf  ch,ar  r/car/ra 
and  ZhGG  with  propellant  cerpenents  and  install  in  main  linrs 
indicated  in  the  output/yisld  from  the  pumps  tuning  disks.  Changing 
the  pressure  differential  cn  the  tuning  disks,  it  is  possible  to 
ensure  the  identical  (with  the  lew  error)  hydraulic  resistance  of  th 
mains  of  all  samples  of  engines  cf  this  type. 

Control  systems  improve  the  engine  characteristics:  are  raised 
reliability  and  service  life  cf  engine,  are  decreased  the  losses  of 
specific  impulse,  are  compensated  inaccuracies  in  the  manufacture  of 
different  samples  of  engines  and  effect  of  environmental  factors 
(acceleration  of  rocket  vehicle,  ambient  temperature,  etc.). 

In  control  systems  are  included  the  following  elements/cells: 

1)  the  sensors,  which  measure  the  monitored  value  or  the  value, 
proportional  with  it; 


2)  comparators,  which  are  determining  displacement  from  the 
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prccraiuinea  value,  or  from  the  value,  produced  by  SU  of  rocket  vahicle, 
ar.d  salient  control  signal; 

3)  the  actuating  elements,  which  ensure  a  change  of  the 
Bonitorsd  value  in  the  dependence  on  the  sign  and  the  values  cf 

ccr.nrol  signal.  Acruaring  el<?itert  .r  can  ba  bnth  the  ?ngir.e  i  ?  = 
whole  and  its  regulators,  ccntrcllsd  by  special  electric  driv-;s. 

In  the  engine  installations  cf  rocket  vehicles  are  used  the 
following  control  systeas:  systen  PKS,  system  of  SOB,  the  system  of 
the  maintenance  of  constant  pressure  p,:  or  cumber  of  revolutions 
TNA,  etc. 

Control  systems,  connected  with  a  change  in  the  consumption  of 
fuel  m.  System  of  RKS.  If  engine  is  the  actuating  element  of  control 
system,  then  the  engine  thrust  «ust  change  with  respect  to  its 
signals.  Thrust  of  ZhEO  is  determined  by  the  propellant  component 
flow  m  into  the  chamber/cameca. 


Page  256. 


Consumption  m  can  be  changed,  changing: 
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tdliko  o£  cofii£.unents  of  the  propellant  (however  it  should  be  noted 
that  as  a  rssult  of  the  large  gas  volumes  in  the  tanks  thr  pressure 
increases/grows  or  descends  very  slowly) ; 

b)  with  the  pump  feed  -  tuirber  of  revolutions  of  shaft  of  TNA; 

c)  with  the  pressut iraticn  and  pump  feed  -  the  pressure 
iirfarantial  on  the  chckes/thrcttles,  established/installsd  on  the 
mairs  of  the  engine  before  the  chaBter/camera  and  controlled  by 
electric  drives.  With  increase  or  decrease  the  pressure  differential 
or.  the  choke/throttle  as  a  result  of  the  displaceaent/mc vemert  of  its 
moving  elements/ cells  charges  the  pressure  of  propellant  component 
before  the  chamber/camera  and,  ccrseguently,  also  its  consumption. 
Chokes/throttles  must  provide  variatle/alternating  (among  other 
things  it  is  sufficient  large)  pressure  differential,  which  leads  to 
the  increase  of  the  required  pcvei  of  the  propellant  feed  system  into 
the  chamber /camera. 

The  possibilities  of  a  power  change  are  limited,  if  the 
cross-sectional  area  of  blast  nozzles  and  nozzle  chambers/cameras 
remain  invariable;  with  the  decrease  of  thrust  is  decreased  an 
injector  pressure  drop,  which  leads  to  the  undesirable  consequences: 
fuel  combustion  becomes  mere  unstable  (it  is  displaced  to  the 
unstable  zone)  and  by  less  complete  ones  (is  decreased  coefficient 
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7')  snd  sc 

T^is  basic  ccnditions  of  ths  safeguard  of  a  stable  and  ccftplete 
process  of  burning  with  a  reducticn/descent  in  the  engine  thrust  are 
the  sioultaneous  retenticn/pceser vation/oaintaining  cf  an  injectcr 
prpssur's  ircp  (ip^  =  ccRS^)  the  pressures  of  ctu.hjs-icn  products 

in  ch at ber/caaer a  {PK  =  ccrst)  ;  second  condition  pK=cor.st  to 

perforo  substantially  acre  difficult. 

Condition  4p<t*const  during  the  creation  of  different  thrust 
can  be  ensured,  changing; 

1)  a  number  of  injectors,  through  which  the  propellant 
components  ate  injected  into  the  chamber/caaeta  (head  with  the 
variable  number  of  working  injectors) ; 

2)  the  flow  passage  cross-sectional  area  of  each  injectcr 
(injectcr  with  variable  gecmetij); 

3)  the  degree  of  saturation  cf  propellant  components  by  gas 
(degree  of  their  aeration) ; 


4)  the  duration  of  pulse  (for  pulse  cf  ZhRO) ; 
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5)  ccpfficifent  x. 

In  the  heads  with  th<-  variafclp  naaber  of  wording  inj«ictcrs  th? 
latter  are  divided/mar ked  off  into  tha  groups  and  for  decreasing  the 
thrust  is  included  one  or  the  other  number  of  groups  of  injectors  by 
closing  valves  on  the  lines  cf  their  f f^d/supply . 

Injectors  with  variatle  gecmetry  are  examinGd  into  §  12.2. 

The  openings/apertures  of  the  jet  injectors  can  be  covered  to  a 
certain  degree  by  the  angular  rotation  of  disk  with  the 
openings/apertures  on  the  head  cf  chanber/camera . 

The  use/application  cf  chairters/caineras,  eguipped  by  injectcrs 
with  variable  geometry,  irakes  it  possible  tc  decrease  thrust  in 
relation  10:  1  and  more. 

Page  257, 

Fig.  14,5  depicts  the  diagram  of  chamber /camera  with 
simultaneous  scaling  in  the  area  cf  blast  nozzles  (number  of 
injectors)  and  throat  area,  which  provides  constant  combusticn 
chamber  pressure  and  invariable  injector  pressure  drop  with  a 
reduction/descent  in  the  thrust. 
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oxiairer  flcws/cccuts/l  ast  s  ever  the  coolant  passa^'e  of 
chaBter/ca?<=-ra  and  through  the  injection  openlrgs/apertur-^s  in  th« 
internal  wall  enters  ccehusticn  cbanber.  Fuel  is  supplied  into  the 
irterral  duct  of  needle  it  tlcws/cccurs/lasts  over  its  ccclant 
pas;  '  -.r  i  t.'.ro'igh  the  C'*' r.ings/apertures  in  t  he  ext-rn?:  wall 

tc  r.  .ill  of  na.5dl3  it  ertexs  cavity  a,  and  from  there  -  through 
the  tr.E  injection  opening  c  into  the  cenbustion  chamber.  Needle  is 
rigidly  connected  with  plater  3  atd  tag  2  and  can  be  moved  to  the 
right  under  the  effect  cf  pressure  cf  the  liquid  working 
medium/propellant ,  introduced  through  connecting  pipe  1,  and  to  the 
left  under  the  effect  of  pressure  cf  conbustlcn  products  on  the 
piston. 


with  the  dlsplaceBent/eaveeent  of  piston  and  needle 
simultaneously  changes  betb  the  cuartity  of  injection 
openings/apertures  of  oxidizer  and  fuel  and  the  throat  area. 

Therefore  pressure  P*  with  a  change  in  the  thrust  remains  constant. 

One  of  the  methods  cf  changing  the  flow  rate  of  m  is  the  supply 
of  special  gas  in  the  main  of  the  engine  before  the  chanber/camera  or 
in  the  cavity  of  its  head  (i.e.  it  is  direct  into  the  propellant 
components)  . 
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Saturation  by  gas  (a-;raticn)  decraasss  the  density  cf  prcpellant 
ccnponants  and  their  mass  tlct>  rats  into  the  chamber/camera  with  the 
reter.ti  on/preservat  icn/maintaining  cf  the  conditions  for  atoaization 
and  sustained  ccmbustion.  For  the  blcwing-in  is  used  inert  gas 
(h:-l:’i,T  rr  nitre  c-r.  i  ,  which  car  c**  suppli^i  fro.:;  sr-parate 

tank/baLlcrn  or  be  selactsi/ta.'.  ?r.  from  the  ta  n:</h  ill  con  or  the  gas 
storage  tank  of  pressure.  Into  the  fuel,  besides  inert  gases,  it  is 
possible  te  blast  gaseous  hydrogen.  Gas  for  the  saturation  can  be 
selects  i/ta ken  from  the  basic  gas  generator  or  obtained  in  additional 
ZbGG,  which  works  on  the  basic  pccpellant  components. 
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fij.  14.5.  Jhaabfer/can«- ra  with  rcalr.'.;  i".  5:.-  -.r==i  cf 

Dlast  nczzlss  cf  the  ccifcnents  cf  prcrellant  in:  throat  ar~3:  1  - 
ccr.r.cctir.g  pips  cf  the  delivery  cf  the.  ccntrcliir.i/nuidf  nn  liquid 
working  ned iua/propellant ;  2  -  tag:  3  -  pistcr;  4  -  needle;  a)  cutou 
ir.  the  chaaber  casing;  b)  cxidieec  nozzle:  c)  fuel  nczzle;  d)  the 
cavity  before  the  fuel  nozzles;  e)  the  cedant  passage  of  needle. 

Page  258. 

Increasing  the  expenditure  cf  gas  fer  the  aeration  cf  propellant 
coaponents,  it  is  possible  to  decrease  the  engi.ne  thrust  in  the 
relation  free  10;  1  to  30C;1. 

The  average/aean  (cn  the  tite)  thrust  of  engine,  which  works  in 
the  pulsed  operation,  it  is  possible  to  increase  or  to  decrease  by  a 
change  in  the  duration  of  pulse  (free  the  fractions  cf  a  second  to 
tens  of  seconds),  or  by  different  porosity,  i.e.,  by  the  work  of 
engine  during  the  different  txee  upon  each  inclusion/connect ion . 
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Change  thrusts  with  the  safeguard  of  condition  =ccr. ?t  use 

in  essence  for  the  engines  cf  ccaparatively  lew  thrusts. 

The  different  values  of  the  thrusts  cf  scae  ZhRD  ob  ’.ain  by 
charging  the  coefficient  x.  rct  example,  for  increase  or  iecr=»anir.  ; 
tnr  thrust  cf  exyger.-hydregen  ZhFC  J-2  cf  American  carri<^r  rccr.et 


"Saturn-S” 
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makes  it  possible 

to  rapi 

dly 

change  the 

engine  thrust  and  to  the  low  degree  it  only  makes  its  characteristics 
worse  due  to  the  displacement  cf  coefficient  Jt. 

If  different  thrust  cf  ZhPD  with  the  pump  feed  is  provided  by  a 
change  in  the  number  of  revcluticrs  cf  the  pusps  cf  components,  then 
turbine  TNA  must  have  a  system,  which  control s/g uides  its  power. 

Found  use  temperature,  the  expenditure  and  mixed  methods  of  changing 
the  power  of  turbine  TNA. 

By  teeperature  method  is  used  for  two-component  ZhGG  and  it 


consists  of  a  change  in  the  temperature  of  the  generator  gas, 
supplied  to  the  turbine,  for  which  ca  one  of  the  mains  the 
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fead/supplies  of  gas  gena rater  install  the  special  chche/ throttle 
with  the  electric  drive,  which  cakes  it  possible  tc  increase  or  to 
decrease  flow  rate  of  one  of  the  components  in  ZhGG,  consequently  an 
ccefficient  of  generator  gas. 

?;cpenditure  cethc'  ■ '..t  s  cf  a  change  in  th'j  gas  flow  threnjh 
th^  t  iroine  during  thr  -ur.tenatce  cf  its  constant  teaperature.  This 
aethod  can  be  used  for  Zh’O  with  acnc-  and  twc-componer.t  ZhGG,  and 
also  for  the  engines  with  the  gas  bleed  (for  example,  hydrogen)  from 
the  coolant  passage  of  chaiber/canera  for  the  drive  cf  turbine. 

With  the  expenditure  method  changes  of  the  power  of  turbine  in 
ZhPD  with  the  two-component  liquid-gas  generator  chokes/thrcttles 
install  in  both  mains  cf  its  teed/supply,  in  this  case  coefficient 
X  of  generator  gas  is  maintained  by  constant.  For  this  purpose  is 
sometimes  used  also  the  special  stabilizer,  which  ccntrols/g uides  th 
cho)ce/throttl6,  est atlis hed/installed  on  line  of  one  of  the 
components,  and  is  changed  its  flew  rate  in  the  dependence  on  the 
flow  rate  of  the  second  ccirpcnect  sc  that  coefficient  x  of 
generator  gas  remains  constant. 

With  the  mixed  method  of  changing  the  power  of  turbine 
simultaneously  changes  both  the  tenperature  and  the  expenditure  cf 
the  gas,  supplied  for  turbine. 
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Page  259. 


Control  systems,  cccnected  witfc  coefficient  x.  System  cf  SOB. 
In  §  2.4  it  was  shown  that  the  irass  cf  the  remainiers/residues  of  thi 
:  0"  r.cr.  '3  of  the  propellint  cr  rocket  vehicle  (rcc^et  3t?g/c-*.n:  = 
r.cst  ire  lew,  ir.  the  absence  cr  special  ccr.trcl  c.’ctec  are  pcssibl- 
ths  cases  with  which  the  deviaticr  cf  coeificirct  x  from  the 
prescrioed/assigned  value  causes  increased  flew  rate  of  one  cf  the 
prcpsllart  components.  As  a  result  cf  this  one  compenent  ccrpletely 
will  be  consumed  before  rocket  vehicle  will  achieve  the 
prescribed/assigned  acceleration  (cr  its  decrease  during  the 
braking) ,  while  in  other  tank  remains  unused  a  large  quantity  of 
another  component.  Sc  that  this  it  would  not  occur  it  is  possible  to 
service  into  the  tanks  a  greater  Quantity  of  propellant  components, 
i.s.,  to  increase  their  guaranteed  ramainders/rosidues  in  the  tanks. 
They  increase/grow  with  an  increase  in  the  error,  with  which  is 
maintained  prescribed/assigned  coefficient  and  they  lead  to  a 

reduction/descent  in  the  characteristic  velocity  of  rocket  vehicle 
(rocket  step/stage)  . 

With  the  deviation  cf  coefficient  fren  the  nominal  value  is 


decreased  total  jet  firing  and  the  characteristic  velocity  cf  the 
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rccicst  vehicla  (operating  ti-nf.  cf  engine  with  tha  pr  33cribed/aooigr.<-.i 
aass  quantities  of  oxidizer  and  fuel  in  the  tanxs  has  the  great  value 
with  the  strictly  proportional  expenditure  of  propellant  cocnpor.ents)  ; 
f urthermorr,  is  decreased  specific  jet  firing;  however,  this  decrease 
is  insignificant  due  to  the  low  slope  of  curve  characteristic  A3  =  /(xi 

With  coefficient  x  '  are  cennseted  two  types  of  control 
systems: 

1)  the  system  of  the  maintenance  of  constant  coefficient  x  o: 
*const)  ; 

2)  the  systems  of  the  syr.chrcrcus  emptying  of  tanhs,  which 
change  to  a  certain  degree  coefficient  x  sc  that  the 
reaainders/residues  cf  prcpellact  cemponents  in  the  tanxs  up  to  the 
cutoff  of  engine  would  te  smallest  (to  O.lo/o  of  *h€  charged/filled 
quantity) . 

The  schematic  of  the  system,  which  ensures  condition  >'- 
=  const,  is  depicted  in  Fig.  14,6.  In  the  main  of  oxidizer  and 
combustible  are  established  flow  meters  1  and  2.  As  flow  meters  can 
serve  the  Venturi  tubes,  fer  which  the  flew  rate  is  directly 
proportional  the  pressure  differential  at  the  entry  also  in  the 
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narrowast  cress  sf-cticr;.  The  signals,  or  oport  icr.al  re  the  oxidizer 
cor.sur.ptior.  and  fuel  per  second,  enter  free  flov  nieters  1  and  2  into 
comparin'j  instrument  3.  In  it  the  actual  value  cf  coefficiant  x  i 
compared  with  the  given  one,  and  in  ths  casa  cf  disagree  nient/misnatc 
overhangs  comnand/crew  to  the  electric  drive  cf  cheke/thrott le  4. 
Electric  driva,  acting  on  choxe/thrcttl- ,  dacraa.-i^^s  cr  incraa-as  1 
flow  area  and  is  rsmeved  the  d«^viaticr.  of  cc^fficiant  x  fren 
computed  value. 

Page  260. 

The  schematic  of  systam  cf  SOE  is  shown  in  Fig.  14.7.  Its 
sensors  are  the  sensors  cf  level,  adjusted  in  the  tanks,  in 
particular,  the  capacitance  pickups,  which  are  twe  concentrically 
arrangad/located  tubes  frea  the  heteroganeous  metals  (for  the 
safeguard  of  temperature  compensation  for  a  change  in  the  density  of 
propellant  components).  The  clearance  between  the  walls  of  external 
and  internal  tubes  is  provided  ty  indices  frea  the  plastic. 

System  of  SOB  works  together  with  the  system  RKS.  aith 
disagreement  in  the  emptying  cf  tanks  enters  in  the  work  the  system 
of  SOB,  changing  coefficient  x.  and  conseguently  partly  and  engine 
thrust.  If  in  this  case  the  measured  apparent  velocity  of  rocket 
vehicle  differs  frem  pregrammed  value  for  the  given  moment  cf  time. 
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then  enters  is  the  work  sisteia  EKS  and  respectively  is  changed 
thrust.  In  this  ca.s'i  can  change  ccefficient  x,  that  causes  tha  r.tad 
ter  the  work  cf  system  SCE,  etc. 

Above  were  examined  the  autciatic  systems  of  a  change  in 
:ncd  e/c3  n  •  and  reculatinc  *re  engines.  Airplane  engines  end 

engines  manned  scacecrart  hava  in  aiditicn  to  automatic  cr.<='S 

the  manual  remcte-ccntrcl  system  cf  engine,  which  makes  it  possible 
to  change  engine  power  rating  by  changing  the  propellant  cempenent 
flow  and  coefficient  x,  and  also  to  include  and  to  switch  eff  an 
engine. 

I 

§  14.4.  Systems  of  the  creaticr  cf  control  forces  and 
mcraen  ts/torq  ues. 


If  in  flight  in  the  atmosphere  rocket  vehicle  analogous  with 
aircraft  can  change  the  directicn  cf  its  flight  with  the  deviation  of 
the  aerodynamic  surfaces  (air  vanes),  situated  on  its  housing,  then 
in  the  rarefied  layers  cf  the  atsesphere  and  cuter  space  of  analogous 
target  it  is  possible  tc  attain  ccly  by  jet  deflecticn. 


The  system  of  the  creation  cf  control  forces  and  moments/torques 
must  possess  low  mass  and  to  it  is  possible  the  smaller  degree  tc 
complicate  the  schematic  cf  engine  installaticn  and  to  decrease  its 
specific  impulse. 


8  1CCT3CU 


Fig.  14.7,  Diagram  DU  with  system  cf  SOB:  1  -  capacitance  pickup  cf 
level  in  oxidizer  tank;  2  -  ccmparing  instrument;  3  -  capacitance 
pickup  of  level  in  fuel  tank;  4  -  cboke/throttle  of  fuel  with 
electric  drive. 


Page  26  1 
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For  the  creation  of  ccnttcl  forces  and  incin‘;nts/tcrqu<^s  they  car. 
be  used: 

1)  the  moving  elements/cells ,  adjusted  into  the  flow  of  the 
combustion  products,  which  escape  behind  the  rozzle  of 

ch  amber /caT.  era: 

2)  Cham  her /cam  fra  or  the  rrgines,  adjusted  on  the  hinged  or 
gifflbal  suspension: 

3)  auxiliary  (steering)  engines; 

4)  the  rotary  nozzles  of  turbine  exhaust; 

5)  the  redistr ibuticn  of  the  flew  rate  of  the  working 
medium/prcpellant  of  turbine  (after  its  operation  in  the  turbine) 
through  several  fixed  nozzles  cf  its  exhaust  pipe; 

6)  liquid  injection  or  the  blcwing-in  of  gas  into  the  nozzle; 

7)  a  change  in  the  thrust,  created  by  different  engines  (for  th 
engine  installation,  which  consists  of  several  engines). 

Moving  elements/cells,  adjusted  into  the  flow  of  the  combustion 
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products,  which  escape  fceVind  the  nczzle  of  chambec/camera.  To  the 
mcvir.g  elonc  nts/cells  which  ir.stall  ir.  th*  flew  cf  products  the 
combustion  in  nozzle  exit  section,  relate  jet  vanes,  deflectcrs  and 
trio  tabs,  diverged  with  the  aid  cf  the  electrical  or  hydraulic 
control  actuators.  They  change  the  direction  cf  the  flew  (cr  its 
part)  of  the  comeustien  ttedtets,  v.hich  escacs  oehind  tha  nozzle  ci 
chaaber/camera,  and  Ly  this  ace  created  ccntrcl  forces  ani 
acmer.ts/torques.  Jet  vanrs,  deflectcrs  and  tria  tats  decrease 
specific  impulse  of  DU,  since  they  tralce  the  part  of  the  flow  of 
combustion  products,  and  have  the  Halted  rescurce/lifetiae  the 
works:  the  moving  elements/cells  indicated  wash  ty  the  combustion 
products,  which  have  at  the  nczzle  cutlet  high  speed  and 
comparatively  high  temperature:  therefore  from  they  make  from  fever 
and  erosion-resistant  materials  (graphite,  the  special  types  cf 
plastics)  . 

Jat  vanes  (Fig,  14,6)  gear  dewn  of  the  part  cf  the  flew  cf 
combustion  products  not  crly  with  their  deviation,  but  also  in  the 
initial  position  (in  parallel  tc  flew);  therefore  jet  vanes  in  the 
contemporary  rocket  vehicles  are  used  rarely. 

Deflectors,  either  zetary  rings,  install  in  tha  nozzle  cutlet  of 
chamber/caaera  or  exhaust  collectcr  of  turbine.  Deflectors  can  be 
cylindrical  (Pig.  14,9)  and  spherical  (Fig.  14.10),  Cylindrical 
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JeflcCtor  can  be  turned  cnly  in  cne,  and  spherical  -  in  two  nutually 
perpendicular  planes. 

More  complex,  but  also  more  economical  is  system  with  the 
use/application  of  trim  tabs,  ct  Fcwler  flaps,  which  are  outstanding 
I'-c  rh?  flow  of  coirbusticn  products  only  with  th?  earcrgence  cf  need 
ir.  the  control  forces  or  the  mcirents/tor ques. 

Page  262. 

Diverged  chambers/caireras  and  engines,  chaaber/camera  ct  engine 
as  a  whole  it  is  possible  to  install  in  the  hinged  or  gimbal 
suspensions  and  to  diverge  to  a  certain  angle  (usually  not  acre  than 
10®)  from  the  nominal  position.  Articulated  suspension  makes  it 
possible  to  diverge  chaaber/camera  cr  engine  in  any  plane.  If  DO 
(engine)  consists  of  four  established/installed  on  articulated 
suspension  engines  (chambers/cameras),  then  their  articulated 
suspension  can  be  attached  on  the  overall  frame,  in  this  case  the 
axes/azles  of  suspensions  intersect  in  its  center  (Fig.  14.11).  This 
device  of  engines  (cbanbers/cameras)  makes  It  possible  to  create 
efforts/forces  and  moments/terques  for  the  control  c£  rocket  vehicle 
along  the  pitch,  the  course  and  the  bank;  for  example,  for  its  roll 
control  all  four  engines  (chamber/camera)  they  must  be  turned  to  one 
side  in  the  circumference. 
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Fig.  14,8.  of  DU  with  the 
chacter/caa^ra;  3  -  system 
ret  a  cion  cf  jrt  -/an  ^s;  5  - 


jet  vanes:  i 

c  i  *  r.  ^ 
var«£* 


missile  body;  2  -  nozzle  of 
of  jet  vanos;  u  -  axis  of 


Pig.  1».g.  Cia.b.r/c.ra  »itfc  cylindrical  dsllactor:  1  -  ncril,  of 
=  ha.b«/ca.orai  2  -  conttolllng/gnlding  thrust:  3  -  axis  of  rotation 
Of  deflector;  4  -  defle.ctcr. 


Pig.  I«.  10.  cha.b.c/ca.,ra  .1th  sphstical  datl.ctor:  1  -  nozrls  of 
chaaber/cas.ra;  2  -  contrclllng/gulding  thrust:  3  -  spherical  norslo 
Of  nozzle;  4  -  spherical  deflector. 


© 

0 

Fij«  14.12.  Diagram  of  irstallaticn  of  chamber/caai-^r a  on  gimfcil 
suspension. 

Page  263. 

Hore  effective,  but  also  mere  complex  is  the  gimbal  suspension 
of  Cham ber/camera  (or  engine)  (Fig.  14.12),  with  which  the 
chanber/caaera  can  be  diverged  siaultaneously  in  two  mutually 
perpendicular  planes,  in  this  case  the  longitudinal  axis  of 
chamber/camera  can  occupy  any  pcsiticn  in  certain  cone. 

Kith  cardan  mounting  of  cne  engine  it  is  possible  to  create 


p 
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sziczts/ictcas  fcr  thf  ccr.crcl  cf  rocket  vehicl*^  cr.  the  pitch  and  the 
course.  Foil  ccr.trol  is  provided  ty  separate  system,  fcr  exaircle  by 
the  coid  aas  roc.<et  en'^ire,  Kfcich  has  several  nozzles;  they  are 
located  ir  the  plane,  perpendicular  to  th^  longitudinal  axis  cf 
rocket  vehicle,  and  can  create  acse rt/tor gue  tor  its  rotation. 


If  two 
suspension , 
the  ccntrcl 
bank. 


engines  cf  DU  are  estatlished/installed  cn  the  giocal 
then  with  their  deviation  are  created  efforts/forces  for 
cf  rccket  vehicle  alcnq  the  pitch,  the  course  and  the 


Average/mean  and  large  engines  diverge  with  the  aid  of  the 
hydraulic  control  actuaters,  which  possess  low  dimensions  and  mass 
and  those  using  as  the  energy  source  a  feed  system  of  basic 
propellant  components;  mest  frequently  for  this  purpose  is 
selected/taken  the  small  part  of  the  fuel  consumption  per  yield  from 
the  pump  of  TNA.  The  system  cf  the  deviation  cf  engines  can  work  from 
autonomous  TNA.  Small  engines  car  be  diverged  by  the  control 
actuators,  which  work  frem  the  separate  electric  pump,  cr  by 
electrical  control  actuaters. 


Hinged  and  cardan  mounting  cf  ZhRD  provides  simplicity  cf  its 
diagram  and  construct icn/design  and  to  the  low  degree  is  decreased 
the  specific  impulse  (only  as  a  result  of  the  deviation  of  engine) 
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Howe/rr,  for  i“v.\atirj  ct  c;.  a- 1‘- r  j  ^  oa...  ir  as  o:  sr.  i  df  a  ^ho 
is  ntcsssary  lar<je  pcwet.  C^rtai"  ;  i  f  t  is  •!  It  /  f.r=jsent£  also  tre 
delivery  of  frcpellan*  ccirpcnfrts  *c  tr.'i  div'^rjsd  chaBberd/cafer as 
ard  the  engines. 

V  Tinier  engines,  ,'1air  crgires  ca:.  oe  fastd'.eo  s.ctic  r  s  £  Iv ,  i 
in  the  engine  ir.stal  lat  icr  ate  filet  onginas,  ai  justed  usually 
sy  BPet  rical  ly  outside  the  tail  secticn  of  the  rocicet  vehicl*»  tn  th 
hinged  or  ginbal  suspension  (Fig.  lh,13).  Such  engines  (thea  they 
call  helfflsaen,  who  contccl/guide,  or  vernier)  can  be  diverged  to 
certain  angle  and  thereliy  to  create  forces  and  acBents/torg ues  fer 
the  control  of  roc)c6t  vehicle  along  the  pitch,  the  course  and  the 
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t  :  I  -  virnicr  “r.^ir.r;  J  -  articulated  3usp<;r.sion  cf  vernifir 

i .-  j  :  r  r  . 

Key:  ( i ) •  Fcra, 

Page  264. 

Vernier  engines  can  wcrk  tcth  continuously  and  in  thp  pulsed 
operation;  for  their  work  it  is  ecst  expedient  to  select/take  certain 
consuaption  of  basic  propellan*-  ccBfonents  at  the  output/yield  froai 
the  puaps  of  TNA  of  eain  engines.  This  diagrai  is  used,  it 
particular,  in  the  engine  instajlaticn  of  tne  first  and  second 
booster  stages  "Sast".  Hcbevec,  vernier  engines  can  worx ,  also,  from 
their  own  TNA. 


Vernirt  engines  coaplicat*  diagraa  and  construction /desi gn  of 
engine  installation,  to  a  certain  extent  decreasing  its  rsllatility 
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Specific  impulse  DO  Jcrirc  the  ct  i  1  izat  j.  on  of  iz-ernier  engin<=s  is 
decreased  ir.cigr.ifica r>  1  y . 

For  <?xainpla,  the  verniar  engines  cf  the  first  and  second  bocst=-r 
stages  "^ast”  decrease  specific  lirpulse  m  per  1  n»s/kq  [ -~  l 

0  •  s  /  '<  j  . 


Potary  nozzles,  centre!  forces  and  nco  ants/tcruncs  car.  craor  ’ 
also  the  steering  nozzles,  which  crerat-»  on  the  gasmens  working 
’necium/propellant  of  turbine  TMA  (ir  ZhP  D  with  selection  of  the 
working  medium/prcpellant  of  turtlne  after  operaticn  ir.  it  into  the 
er.vircnaent)  ,  in  this  case  the  chairber/canis ra  and  the  engine  as  a 
whole  are  installed  in  the  rocket  vehicle  .nctionlessly.  Are  ccssible 
the  fcllcwj ng  versions  cf  such  rczzles. 

1,  To  exhaust  ccllectcr  cf  turbine  connect  up  exr.aus*:  pipas, 
which  are  ended  by  fixed  nozzles  (see  Fig.  2.  15)  ,  moreover  there  are 
two  nozzles  of  pitch,  twe  nozzles  cf  course  and  two  pairs  of  nozzles 
cf  banx,  Ir.  the  line  cf  each  pair  cf  nozzles  is  established  the  gas 
distributor  with  the  electric  drive.  Control  forces  are  created  by- 
redistributing  the  gas  flew  between  the  siailar/analogous  nozzles. 

2.  One  or  two  turbine  exhausts  are  ended  by  nozzle  which  is 
fastened  to  branch  ccnnecticn  with  the  aid  of  hingad  cr  universal 
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Lipji'.  in^icticn  cr  th.'  IJ  cwir.  j-in  of  jas.  :cz  ■cae  cieatior.  cf 
ccm pa  rat i V? ly  small  ccntrcl  forces  and  mome nts/torqucs  it  is  pcssibl 
to  introduce  working  bcdy  (tc  in~6ct  liquid  cr  rc  blast  gas)  into  th 


-  : 

■ir. dini  sa.rtion  or 

r.  c  z  2  1  -  V 

cucf  th^  o n .i  nq s ;. 

^‘^rtur-3  (-ozrl*- 

sit 

'uatt-.'i  ir.  t-'.J  r.ozzi 

t  liner  cZa 

th=  equal  iistanci 

:  r  the 

cir 

CUT. fsrerce  in  its 

anv  cross 

section  (  Fic  .  14.  1  4) 

.  A  n  un b<=  r  of 

nozzles  car.  be  from  4  to  24  and  mere  i.®  .  in  each  quadrant  cf  th'=' 
cross  section  of  nozzle  are  placed  one  or  several  nozzles.  Feur 
nozzles  it  is  sufficient  in  order  tc  create  lateral  forces  for  pitch 
control  and  course.  The  nozzles  cf  each  quadrant  enter  in  the  work, 
after  valve  opening,  estatlished/installed  on  the  ccr.duit/mar. ifold 
which  supplies  liquid  cr  cas. 

Page  265. 

During  the  input/inttcduct ion  cf  the  working  medium/prcpellant 
through  the  nozzle  the  gas  or  vapors  of  liquid  penetrate  the  flow  of 
combustion  products,  in  the  place  cf  the  in put/intrcducticn  cf 
working  medium/propellant  is  installed  the  front  cf  oblique  shock, 
and  increases/grows  pressure  on  the  nozzle  liner  cf  chamber/camera. 
As  a  result  of  this  appears  the  lateral  force,  directed  to  the  side 
of  nozzle,  through  which  is  introduced  working  the  bcdy. 
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Lateral  force  deperds  net  only  on  the  flew  rate  cf  the 
introduced  working  mediuT/crcpellant,  but  alsc  on  the  nozzle  cant 
angle  to  the  axis/a  xle  cf  the  r.czzle  of  chamber/camera,  or  on  a 
quantity  of  nozzles,  area  and  fera  cf  their  cross  section.  The  angle 
indicated  can  he  equal  tictr  90*^  tc  45®,  acreever  in  the  latter  cas<’ 
working  body  is  introduced  towards  the  flow  of  coabustion  products, 
and  is  created  large  lateral  fcrce. 

Circular  nozzle  cenf iguraticn  is  more  effective  than  slct  type. 
With  an  increase  in  the  nuirber  cf  nczzles  becemes  conplicated  the 
construction/design  cf  systen,  bat  for  the  creation  of  one  and  the 
same  lateral  force  is  required  the  smaller  flew  rate  of  working 
mediu m/prop ellant. 

The  appearing  lateral  force  depends  alsc  on  the  cempesition  of 
the  introduced  working  aediun/prcpellant  and  the  basic  products  of 
combustion. 

For  decreasing  the  quantity  cf  heat,  selected/taken  frem  the 
flow  of  combustion  products  by  liquid  working  medium/propellant,  its 
heat  capacity,  the  boiling  pcint  and  heat  of  vaporization  must  be 


low 
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Fro'^  the  systems  of  the  Llcwirg-in  of  gas  of  nest  effectiva# 
from  tae  point  of  view  of  the  creation  of  lateral  forces,  simplicity 
of  the  diagram  of  engine  and  reducticn/desce nt  in  its  mass,  is  the 
system  of  the  bypass  of  cembustien  products  from  the  combustion 


cha  r.be: 


:r  frer.:  the  tapering  pertien  cf  the  nozzle  in^c  its  divir 


section;  hewsver  it  is  ret  used  due  to  the  difficulty  cf  selecting 
the  h  igh-te  m  psrature  (strength)  materials,  especially  for  the 
regulators. 


Systems  with  the  input/intreduction  ox  working  medium/prcpellant 
into  the  nozzle,  as  it  was  noted  above,  can  create  the  relatively  low 
control  forces  and  moments/tergoes. 


However,  these  systems  have  advantages: 


a)  an  increase  in  the  engine  thrust  as  a  result  of  the 
input/introduction  of  additional  working  medium/propellant  irto  the 
main  flow  of  combustion  products; 


b)  large  reliability; 


c)  short  time  lag 
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Disagrt empnt/raisaiatch  of  *.he  thrust  of  engines,  xhich  form  car 
of  DU.  If  we  change  the  thrust  cf  diametrical ly  arranged/ located 
engines,  which  form  part  cf  engine  installaticn,  tnan  it  is  pcssibl' 
to  create  the  controlling/guiding  ircaent  with  respect  to  the  center 
cf  mass  cf  rccket  vehicle  and  its  turn  in  thp  pitc.,:.r!  ylancs  an: 
course  with  the  rigid  affixing  ci  engines.  This  systr  *s 
sufficiently  simple  and  causes  cnly  the  lew  losses  of  specific 
impulss  of  DU  (caused  only  by  the  daviaticn  cf  engine  ?owe;r  rating 
from  the  nominal  rating) . 


DOC 


81009004 


PAGE  {^MQ 


?i^.  14.14.  ch.ini  :)p>r/ciaei:a  with  fcur  nozzles  for  ti;e 

ir.  put/i  ntrcd  uctior.  of  the  ccr.trclling/juidin  g  workirg 
r’.s.iiun'/ propellant  into  the  basic  rczzle. 

Page  266. 

§  14,5.  Systems  of  disccrractioc  ZhFD, 

The  system  of  disconrecticc  ZhFD  must  provide: 

a)  the  most  complete  production  of  propellant  components; 

b)  the  low  impulse/mcmentuii/pulse  of  consequence; 

c)  the  evenness  of  inclusicn/ccnnection ; 

d)  the  possibility  of  the  utilization  of  an  engine  (after  its 


bench  test) ; 
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e)  thp  recjuired  crder  of  engine  cutoff  in  DU,  which  consists  of 
several  engines; 

f)  the  emergency  engine  cutcff,  which  ensures  in  a  number  of 
cases  the  rcssibility  cf  its  further  utilization; 

g)  repeated  disconnection  (fcr  ZhRD  with  multiplying). 

to  ensure  simultaneous  complete  consumption  of  both  propellant 
compcnants  is  very  complicated.  Therefore  use  this  order  engine 
cutoffs,  with  which  completely  is  produced  one  of  the  components, 
usually  oxidl2er,  i.e,,  engine  is  turned  off/disconnected  with  the 
excess  of  fuel  on  the  signal  abcut  the  complete  consumption  cf 
oxidizer;  signal  puts  out  signal  indicator  with  the  decrease  of 
pressure  at  the  output  frcm  the  pump  of  oxidizer  or  sensor  cf  its 
remainders/residues,  mounted  in  the  tank,. 

Some  engines  (for  example,  ZbBC  for  ZUB  and  seme  metecrclogical 
rockets)  work  to  the  complete  prcdoction/consumption/generation  of 
components  from  the  tacks  and  dc  not  need  the  system  of 


disconnection 
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with  an  increase  in  tne  loi  fuiss/monentuoi/pu  is-  cr  cor.sequar.c- 
increasss/grows  the  afcscluta  value  cf  its  spread,  which  ir.creasas  i.t 
error  in  the  obtained  final  s^eed  cf  rocket  vehicle,  ar.  i 
ccnseguently,  an  error  in  its  hit,  injection  into  orbit  cf  satellite, 
etc. 

T.he  ir  pulse/moment  u  ff/ pu  ls€  cf  ccnss  gue.tce  3h?D  they  iecr;ase: 

a)  by  the  translat i cn/conversicn  of  engine  intc  the  final  level 
of  the  work  before  its  disccnnecticn; 

b|  by  the  setting  up  c£  cutcff  valves  as  close  as  possible  to 
the  cavities  of  the  injector  asseetly  of  chant  ter /cam  era  and  by  their 
rapid  operation; 

c)  by  drainage  cf  prcpallant  components  from  the  cavities, 
situated  after  the  cutcff  valves,  into  the  envircnment; 

d)  by  the  setting  up  of  insert/bushing  into  the  head  of 
chamber/canera. 

The  iopulsB/DOoentuo/pulse  cf  aftereffect  in  the  case  of  engine 
cutoff  through  the  final  step/stage  is  substantially  less  than  during 
the  disconnection  it  is  direct  frcm  the  nominal  rating  {see  Fig. 
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l«y).  If  ir.  sncjine  instal  laticn  ar€  inclaie'-i  vernif^r  -rr.  jinrij,  ’-.her. 
the  iapulse/momar. taia/pulse  cf  ccnss^-aecce  c c tsid srab ly  is  decrsased, 
if  first  ir.  proportion  tc  apctc  xiiaticn/approach  to  stesd  cf 

rocket  vehicle  are  turned  cf f/disccrrected  main  engines,  and  upon  its 
achievement  -  helmsmen. 

^ags  2b7. 

Cutoff  valves  in  the  feed  lines  of  cha mber/cane ra  establish  in 
such  a  vay  that  the  vclume  cf  prcpellant  ccmpcnents  frci  the  valves 
to  the  injectors  of  chamtet/camera  fcculd  be  as  less  as  possihle.  If 
chamber/camera  does  not  have  the  ccclant  passage  (for  example,  in 
pulse  2hRD) ,  then  cutoff  valves  place  on  the  head  or  within  it. 

In  the  chamber/cameta  with  the  coolant  passage  of  cutoff  the 
valve  can  be  also  placed  directly  before  the  head  and  in  the  main  cf 
the  propellant  component,  which  takes  place  through  the  channel  (Fig. 
14. 15) . 

Propellant  components  bronze  from  the  mains  after  the  cutoff 
valves  into  the  environment  during  the  opening  of  the  drain  valves, 
established/installed  on  the  mains  indicated,  which  substantially 
decreases  the  quantity  of  components,  which  enters  the  chamter/camera 
after  the  coverage  of  cutcff  valves.  Insert/bushing  in  the  head  cf 
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chambf r/came ra  also  decreases  (juantity  of  one  of  the  ccnpcner.ts  cf 
the  propellant,  which  enters  the  chamber/canera  in  the  process  of 
engine  cuteff;  in  order  to  lower  the  aass  of  chamher/caBera , 
insert/b ushing  is  prepared  free  the  material  with  the  low  density. 

Tr.f  evenness  cf  engine  cjtcff  depends  cr.  r'.e  crier  c:  the 
coverage  or  cutoff  valves.  Ccirinand/crew  to  their  coverage  car  be 
supplied  heth  simultaneously  anc  at  different  BCieits  of  tine.  The 
off  time  of  engine  i.e.,  a  decrease  in  its  thrust,  is  usually  small 
(not  more  than  2-3  s) ;  it  is  determined  by  the  time  cf  the  coverage 
of  cutoff  valves.  If  the  time  Indicated  is  small,  then  the 
impulse /momentuo/pulse  c£  consecuence  is  also  low;  however  the  very 
sharp  coverage  of  cuteff  valves  is  inadmissible,  since  appear  the 
hydraulic  impacts  in  the  mains  c£  engine,  which  lead  to  their 
destr action. 

Main  or  cutoff  valves  after  coverage  with  the  engine  cuteff  must 
be  hermetically  sealed  cc  the  saddle.  Otherwise  of  component  the 
f uels/propallants  are  leaked  through  the  valve,  which  can  produce  the 
explosion  of  chaabec/cancra. 

The  cavities  of  the  fuel  cf  chamber/caaera  and  gas  generator  of 
oxygen  of  ZhHD  during  their  discccnection  blow  by  the  inert  gas 
(nitrogen  cr  helium)  in  order  tc  avcid  throwing  of  hot  combustion 


DOC 


91009004 


PAGE 


i^roducts  into  the  fuel  nc2zl€s  and  their  fusirnj.  This  scaver.yinj  is 
especially  necessary  fee  ZhSD  with  rapeated  or  nultiplying;  in  its 
absence  the  fuel  can  remain  in  the  cavity  cf  tna  fuel  of 
chamber/caaiera  and  ZhGG  and  upon  the  reclcsing  lead  to  the  explosion 
of  chamber/caaiera  or  to  the  inadmissible  excesses  of  the  temperature 
in  7.hGG  which  are  especially  carcercus  fer  Zh  with  the  af  t  e  rb'irr.ir.  g 
of  generator  gas  (can  be  damaged  the  blades  cf  turbine  Th'A)  . 
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Fig.  14.15.  Chanber/cameta  with  the  valve,  established/installed  or. 
tha  rain  b?t  the  ccclatt  cassare  and 


Page  268, 


The  system  of  scavenging  must  he  carried  out  in  such  a  way  that 
the  quantity  of  fuel  which  is  disflaced  by  purging  gas  into  the 
chamber/camera  and  ZhGG  after  engine  cutoff,  would  be  low. 


Upon  the  inclusicn/ccnnect ion  ZhSD  with  the  pump  feed,  besides 
coramand/crew  to  the  coverage  of  cutoff  valves  on  the  feed  line  of 
chamber/camera,  must  be  given  ccmsand  to  the  coverage  of  cutcff 
valves  on  the  feed  line  ZhGG.  In  certain  cases  additionally  is 
opened/disclosed  the  valve  of  the  bypass  of  generator  gas  around 
turbine. 


Distinguish  the  following  types  engine  cutoffs: 


a)  normal  and  emergency; 


rnmmmmmmm 
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b)  star. ual  and  autoir-atic; 

normal  engine  cutcff  is  prcvided  for  by  the  prograsi 
ccntrol  system.  The  engine  of  the  latter/last  step/staqe  of  ballistic 

or  ;  ?  '  -  h  ic  1  -  *  u  rn-r  ’  c  f  t/  •  i  3 c cr.r. ■  .  ■  •  "  '  =  •  .  “ 

its  gi'/er.  steed,  trade  .xctcr  ct  stoce  vehrcle  -  adtir  a 
reductior./de  scent  in  its  speed  else  to  the  assijr.c-i  n’dar.it’i  ie . 

Emergency  engine  cutcff  (AVD)  is  produced  during  the  detsetion 
of  any  abncrmalities  in  the  process  of  its  starting/launching.  In  the 
composition  cf  engine  is  connected  the  spacial  acquisition  system  cf 
emergency  situation.  Its  sensors  iteasure  the  parameters  whose 
deviation  from  the  norm  or  from  the  programmed  value  is  accepted  for 
the  emergency  situation:  hsight/a Ititude  and  flight  speed  of  rochet 
vehicle  the  pitch  angles,  course  and  banh;  the  vibratory  acceleration 
of  chamber/camera  or  pulsation  in  the  mains  cf  engine;  the  number  of 
revolutj.ons  of  shaft  of  TNA,  etc. 

System  cf  AVD  makes  it  possible  to  provide  the  safety  cf  engine 
by  its  disconnection  to  the  eiercence  of  destructive  vibrations, 
pulsations,  etc.  For  example,  the  sensor  of  Vibratory  accelerations, 
mounted  on  the  head  of  chamber/camera,  can  with  its  large  vibration 
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give  oat  signal  to  the  engine  cutoff.  In  this  case  the  engine  luring 
thfc  ce.ncn  test  or  in  the  ccmf-csiticr  of  Du  of  first  stage  of 
inuitistaie  rocicet  prior  tc  its  start  is  retainel  aiid  car.  te  ne^^ly 
used,  if  we  remove  the  reason,  which  caused  the  increased  vibration 
of  Cham ber/camera. 

The  manual  shutdown  croviles  firing  tne  :;^r.ch  test  cf  engine  the 
operator,  which  conducts  testirg,  ard  for  the  engine  of  spacecraft  - 
member  of  his  crew. 

However,  both  normal  and  emergency  engine  cutoff  more  frequently 
it  is  accomplished/realited  autciratically. 

As  the  exa.mple  it  is  possible  tc  give  the  system  AVD,  ir  which 
they  are  used  by  timer  and  pressure  sensor  in  the  chamcer/cairera ;  if 
in  the  preset  time  engine  did  net  leave  to  the  required  mode  cf 
operation  (in  particular,  pressure  it  did  not  achieve  the 

assigned  magnitude) ,  then  timer  gives  command/crew  tc  the  engine 
entef f . 

Page  269. 

Systems  cf  AVD  must  possess  very  high  reliability;  in 
particular,  must  be  excluded  the  possibility  cf  the  disconnection  cf 
the  normally  started  or  normally  operating  engine. 
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Page  269. 

Chanter  'H.'l . 

STABILITY  0?  THE  MODE  CF  OPEHATIOJi  AND  DIRECTICN  C?  THE  PEPFECTIC'!  OF 

A 

ENGINE  INSTALLATICMS  BITH  ZMRC. 

A 

^15.1.  Stability  of  the  loda/conoitions  of  the  wcrh  of  the  engine 
installations  s  ZhPD  ». 

POOTHOTE  ».  For  greater  detail,  see  [7].  ENDPCOTNOTE. 

During  any  modes/ccnditicns  ct  work  ZhSC  (among  other  things  in 
the  invariable  mode/conditicns)  tae  pressure,  the  velocity  and  the 
consumption  of  liquid  prcfellant  components  in  supply  lines,  and  also 
the  analogous  parameters  and  tae  taniperature  cf  ccmtustion  products 
in  the  chaaber/camer a  and  the  liquad-gas  generator  do  not  remain 
constants,  but  they  oscillate  relative  to  seme  average/mean  values. 
These  oscillaticns/vifcraticns,  and  any  others,  are  characterized  by 
fora,  amplitude  and  frequency.  If  simultaneously  there  are  two  or 
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3=»veral  oscil  lit  iors/v  5  tra-io  as ,  zsfn  it  i.-  r.-c':£-'ary  tc  'cticj  ,  ia 
wha*  nhas?  they  ar®  fcurd  ralariv=  to’  saoh  oth«r. 

Tha  form  of  tha  osciilacions/vibrations  cf  tha  parameters  ZhRD 
can  be  different:  from  the  simplest  (sinusoidal  fora  and  the  forms, 
clrsa  to  to  th=»  rciclex  on^s  (2'':  a.camrla,  wi'^h  th?  stsec  wav^ 

front  of  build-up/grcwt  h  and  ta=  subsaguen^  siccth  ■'acreasa;  . 

The  amplitude  of  cscillaticns  can  be  from  several  ones  tc  lOOo/o 
of  nominal  value  cf  the  parameter. 

The  frequency  of  the  parameters  also  can  be  very  different:  from 
several  hertt  to  several  thousand  and  even  tens  of  thousands  cf  the 
herti! . 


The  oscillations  of  the  paraasters  of  engine  determine  the 
stability  of  the  mode  of  its  operation;  the  less  their  amplitude,  the 
higher  the  stability. 

The  oscillati.ons  cf  tbe  parameters  with  the  low  amplitude  take 
the  olace  in  all  ZhRD  and  virtuaii/  they  are  not  reflected  in  their 
characteristics.  But  if  tha  amplitudes  of  oscillaticns  become 
sufficiently  large,  and  csciilatioas  themselves  acquire  periodic 
nature,  then  the  normal  work  of  engine  can  be  destroyed;  in  certain 
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casf=3  is  destroyed  its  cham r/c j.Jcra, ,  «aich  Isads  tc  tha  a:n  =  rgar.cy 
of  rockat  vahicla. 

Tha  stability  of  the  woric  cz  engina  avalua'^e  according  tc  the 
amplitudes  of  oscillaticns  tne  gas  pressures  in  tha  ccmbusticn 
cha-'Dar  and  ''hGl. 

Paqp,  270. 

Clearly  expressed  unstaaia  eajiae  power  rating  is  characterized 
by  the  large  amolitudes  cf  fluctuation  or  the  gas  pressure  in  the 
combustion  chamber  and  ZhGG  and  it  leads  to  the  fcllowing 
inadmissible  phencmena: 

1)  considerably  is  increased  engine  vibratrcn  and  CD  as  a  whole, 
as  a  result  of  which  can  occur  tne  depressurization  of  detachable 
joints,  a  breakage  in  the  conduits/manif olds  and  other  assemblies, 
the  explosion  the  chamber  walls,  ZhGG  and  so  forth; 

2)  they  increase/grow  heat  fluxes  into  the  chamber  wall  1.5-2. 5 
tines  in  comparison  with  the  worx  in  the  stable  operation,  which 
causes  its  hot  spot; 


3)  is  destroyed  chamber/ca irera  or  ZhGG;  destruction  by  nature  is 
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analogous  with  th?ir  lesion. 

Ar‘^  most  dangerous  high-fre-jUterc y  of  oscillations  cf  prassur®.  of 
gas^s  with  thft  larg«»  amplituda  in  the  coabastion  chamher  and  ZhGG. 

Howav^r,  ar^  not  adn:itcad  sue.,  unstabla  engin®  power  ratings 
which  io  not  lead  to  tbe  d'isrracxier,  cit  impair  its  charactsristics 
(in  particular,  they  decrease  specific  impulse  and  reliability) ;  for 
“xamole,  during  large  fluctuations  cf  pressure  Pk  the  nozzle  works  in 
the  off-design  conditions,  which  causes  the  oscillations  of  thrust, 
which  adversely  affect  the  rocKSt  vehicle  as  a  whole. 

The  stabilization  cf  work  ox  engine  installations  with  thermal 
PO  in  any  modes/condit ? ens  {inciuaing  starting/launching  and 
disconnection)  is  most  important,  but  simultaneously  most  difficult 
task;  the  need  for  its  solution  in  a  number  of  cases  leads  to  a 
significant  increase  in  period  and  cost/value  cf  the  finishing  of 
engine;  especially  this  relates,  as  is  evident  based  on  the  example 
of  the  creation  of  American  ihaD  P-1  with  thrust  by  6.8  MS  r~~680  T  ], 
to  the  engines  of  large  thrust. 

General/common/total  characteristic  of  ihe  oscillations  of  the 
parameters  of  engine  installation. 
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Th<=(  osc.rllaticTis  cf  the  fararnttar^  of  DU  car.  be  clas3if5ad 
according  to  tho  following  signs:  a)  by  th®  aischaniss  of  the 
maintenance  of  oscillations;  b)  over  the  frequency  band  and  c)  in  th 
direction  of  rolls  of  aggregata  (ter  example,  cfcamber/caaera  cr 
2hGG)  . 


Unstable  eng:.r.-»  power  rating  cr  DU  as  a  whole  at  which  ar® 
maintained  the  periodic  cscil la  tiers,  can  be  caused  by  the  mutual 
effect: 

a)  processes  in  the  chaaber/camera  or  ZhGG  and  the  supply  of 
propellant  coapenents; 

b)  the  oscillation  cf  tae  gas  pressure  in  the  chaaher/caaera  or 
ZhGG  and  the  fuel  ccabusticn. 

^equencies  f  can  te  subdivided  over  the  ranges: 

f=1-10  -  very  low  frequency; 

f*10-100  -  low  frequency; 


fslOO-500  -  aediuir  frequency; 


f=500-10000  anri  acre  -  hija  ri‘''T-:j.n  cy . 


Coarsely  frequently  are 


(NCh-  oscillaticn/vibraticaj 
J/CA- 

(hicrti-f ra qwncy  esclllatious) 
A 


eraaiLPd  I ju- frequency  cscillaticns 
and  nagn-tr eqiiency  oscillaticns 


Page  27  1 . 


It  is  known  that  the  period  of  cscallacicns  T  and  frequency  f  are 
connected  with  ^he  relationship/ratio 


_i_ 

/ 


The  wavelength  fluctuation  of  the  pressure  of  coabustion 
products  is  the  distance  to  which  iS  propagated  the  ccmpressiva 
disturbance  during  the  oscillatory  period.  Therefore  assuainq  that 
the  disturbance/perturtation  is  propagitel  in  the  ccmbustion  products 
with  a  speed  of  sound  of  a,  than  wavelength 

>.=a7'=-?-. 

/ 

Knowing  value  a,  it  is  possaoie  to  dateroine  wavelength  for  each 
frequency . 


calculations  show  that  the  wavelength  of  NCh- 


oscillations/vibraticns  exceeds  the  aizes/dimensions  of  ccmbustion 
chamber,  and  the  oscillatory  pecica  -  retention  time  of  combustion 
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oroduc-'io  in  it.  Thar-=fcr«  tha  jjr&saura  of  ccatast.icn  orcJacts  chanj^s 
dnrrnq  th9  oscillatory  tsrici  oy  sntirj  coobusticn  chamber  vclua^ 
virtually  simultaneously  at.  all  po.^.nts. 


The  wavelength  of  high-f re guency 
3U  b  sr  a  .at '  a  1 1 V  l  =  ss  ^.har  t  ; 3i.:i3-:'r) 
ccr^bustior. ,  b u-  due  *-c  the  saort  03ci 
manage  to  change  in  ertira  ccmoustion 
propagated  pressure  wave,  aoreoser  pr 
parameters  of  ccmbusticr.  products  ir. 
combustion  chamber  are  cifiarant- 


oscillaticns  usually  is 
t"  rha-b^r  c~ 

Hater”  ~-rici  pressure  does  net 
on  amber  vclu.me;  in  it  is 
essure,  density  and  cth«r 
t.ia  different  p^tts  of  the 


Usually  NCh-  osed  llatioas/ vibrations  occur  not  only  in  the 
combustion  chamber,  but  also  in  tae  feed  system  of  compenents  of 
propellant  (in  the  tanks,  tha  conauits/manif old s,  which  supply 
propellant  components  to  tne  pumps,  to  charaber/camera  and  ZhGG  and  so 
forth).  High-frequency  csciliat ions  ar»  frequently  ebs-rved  cnly  in 
the  combustion  chamber  or  ZhGG  and  do  not  apply  to  the  feed  system  of 
components  of  f uel/propellant. 

In  the  direction  the  propagations  relative  tc  the  longitudinal 
axis  of  chaaber/camera  or  ZhGG  distinguish  Icngitudinal  and 
transverse  vibrations;  the  latter  can  ba  propagated  on  the  radius  of 
chamber /camera  or  ZhGG  (radial  oscillations)  or  tangentially  tc  the 
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circumference  of  their  cross  section  (tangential  oscillations) . 

ConHti.jns,  which  call  the  inscaoiiity  of  the  aode/conditions  of  the 
wcrk  of  engine  installaticn. 

The  oscilla'*-’. cn 5  cf  tnc  pir£ao*-ar3  Zh'^B  cr  the  engine 
in3*allation  as  a  whcl^  appear,  ir  +here  ar«: 

1)  any  initial  impulsa/itcaentua/pilse ,  which  derives/concludes 
th"  mode  cf  operation  cf  aggregate  DO  (for  example,  chaaber/camera) 
from  steady  state; 

2)  the  energy  source,  which  suppliaents  vibrational  energy  in 
proportion  to  its  scattering; 

3)  a  specific  ratic  between  freguancy  and  phase  of  primary 
oscillations,  i. e, ,  the  csciilaticns  of  the  parameter,  which  are 
initial  impulse/mcmentum/pulse,  and  secondary  oscillations,  i.e.,  the 
oscillations,  which  are  the  reaction  of  engine  or  DO  to  the 

im pulse/mcnen tum/pnlse  indicate d. 

Page  272. 


As  Initial  impulse/Boaeatum/pulse  can  serve  one  cr  another 
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accidental  factor,  which  chanjas  the  propellant  ccinponent  flew  into 
th«  chanber/camera  or  cthar  parameters.  For  examcle,  ths  presences  cf 
gas  woluae  in  the  liquid  propellant  component  decreases  the  flow  rate 
of  the  latter  and,  consequently,  also  the  gas  pressure  in  it. 
Fluctuations  of  the  gas  pressure  in  th»  coafcusticn  chamber  can  be 
caused  also  by  the  fact  that  tns  procass  of  burning  in  the  different 
7oluoes  continues  not  equally. 

The  energy  source  for  oaintaaning  fluctuations  of  the  gas 
pressure  in  the  cembustien  caaafcet  and  ZhGG  is  the  burning  in  process 
of  which  is  isolated  tte  heat. 

The  necessary  condition  of  aaintaining  the  oscillations  is 
resonance,  i.e.,  coincidence  in  frequency  and  phase  of  the 
oscillations,  which  are  initial  iapulsi/momentum/pulse,  and  the 
oscillations,  which  present  system  response  to  it.  For  example, 
fluctuations  of  the  gas  pressure  in  tha  combustion  chamber  can  be 
maintained  {but  in  a  numter  of  cases  aid  be  strengthened) ,  if  they 
coincide  in  ths  frequency  and  the  phasa  with  the  fluctuations  of  the 
liberation  of  heat  in  the  process  of  fuel  combustion.  If  there  is  no 
this  coincidence,  then  the  oscillations ,  caused  by  initial 
impulse/moaentum/pulse ,  extinguish. 


Instability  of  duct/ccrtcur  '‘feed  systaa  -  chamber/camera  (ZhGG)". 


DOC 


FUSE 


m 


Low-f r3qu<?r.cy  oscrllat’ ccs. 

For  the  exnlanaticn  of  the  aechanisn  of  the  oscillations,  caused 
by  the  reaction  of  the  feed  system  of  propellant  components  and  by 
the  nrocesses,  whic‘'  cccnr  in  t  cfe  chaniner/ci'^er^  fZh'lO)  ,  ir  .’.s 
necessary  examine  system  cesjcnse  of  the  supply  and  the  processes 
indicated  to  a  change  cf  the  jas  pressure  in  the  coibustion  chamher 
(ZhGG).  Consequently,  Initial  i  apuise/aonientiim/pulse  (initial 
disturbance)  we  will  ccnsiiar  a  change  of  the  ccabustion  chamber 
pressure  or  ZhGG, 

The  feed  system  cf  propellant  components  answers  to  the 
compressive  disturbance  cf  gases  in  ths  combustion  chamber  not 
instantly,  but  after  certain  perioa  of  time,  called  the  time  of 
delay. 


In  this  period  it  is  possible  to  isolate: 

1,  Transit  time  of  pressure  wave  with  the  speed  of  sound  from 
the  injector  to  the  end  cf  the  mains,  which  supply  propellant 
components  to  the  charaber/caaera  (agaiast  the  flow)  ,  and  backward 
wave  to  the  injector.  The  change  in  thi  injector  pressure  drcp  iP** 
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causad  by  coaprassive  d  lataruaiice  in  n.ia  ccinus^ior.  cnaaoer  Pk.  b‘agins 
cnly  aftsr  th??  arrival  cf  -aa/CJcia  wavj  at  th?  irjectcr.  Ihsrsfcr-i 
th*?  tia®  1*  q  ir.dicat-»d  be  will  afesiqna;^  ^  i«‘?^nis  or. 

lanqth  and  configuration  of  rha  mains,  which  surely  propellant 
coapenents  to  th*'  cham ber/camera ,  and  also  fre®  their  type,  special 

'j  r"*  r  '  0 '"1 1 n  ri  t zz.-i  ■iz^~,z.  rf  •.  j 


?aue  27^. 

2,  Tine  between  me  fflent/ror>iue  rf  entrance  of  liquid  propellant 
components  into  cembustien  chancer  and  moment/tcr que  of  their 
transformation  into  cemtestion  prooucts  with  liberation  of  heat.  This 
time  is  « qiial  to  the  time  of  dalay  aftar  which  a  change  in  the 
injector  pressure  drep  will  lead  tc  a  change  in  the  quantity  of 
formed  orcducts  of  ccmbustion  and  isclatable  heat.  Therefore  let  us 
designate  the  time  lag  Tip^,,9  :  iadictted  it  is  encompassed  the  time  cf 
the  course  of  a  whole  series  cf  the  processes,  which  precede  strictly 
fuel  combustion.  Such  processes  includa: 

a)  injection,  atowitatioa  and  the  mixing  of  liquid  propellant 
components; 

b)  heating  and  their  vaporization  drops  cf  liquid; 
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c)  displacement  oz  vapcrs  cf  propellant  compcnents  letwecn 

themselves  and  with  th<?  ccobustica  products. 

It  should  be  pointed  out  that  the  process  of  burning  in  the 
chamber/camer a  ZhRD  is  in  essence  uiffusicn,  i.®.,  its  velocity  is 
det^rmir.od  by  th-^  velocity  cf  ere  j-rcc3ss  cf  mixing,  tut  not  by 
chemical  reaction  rite. 

Per  the  ligtiid  propellant  ccaponents  the  large  oart  of  th©  time 
lag  falls  for  such  siewiy  elapsing  prccessi  is  heating  and 

vaporization  cf  drops  cf  liguid.  Ii  one  or  both  ^ropellant  components 
are  supplied  into  the  chamber /camera  in  the  gaseous  state,  then 
slowest  process  will  b«  the  process  of  mixing. 

To  the  velocity  cf  the  enumerated  above  processes  affect  the 
foil  wing  parameters:  pressure  Pk.  temparature  T^,  injection  velocity 
of  liquid  propellant  ccapcnents  into  tne  combustion  chamber  (this 
velocity  determines  thinness  and  nomogeneity  cf  their  atomization) 
and  coefficient  x;  during  the  period  cf  fluctuation  of  pressure 
they  to  a  certain  degree  they  differ  from  nominal  values.  Therefore 
time  lag  t during  the  oscillatory  period  continuously  charges, 
which,  as  it  will  be  shown  below,  can  be  the  independent  reason  for  a 
7Ch-instability  (in  the  absence  of  oscillations  in  the  feed  system  of 
propellant  components  into  tne  chaaber/camera)  . 
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3.  Tine  mcaienr/ror tiuti  cf  changing  quantity  cf  prciucts 

of  combustion  an'3  isclatabls  haat  and  aoaent/tcrque  of  greatest 
change  in  pressure  Pk.  time  which  is  necessary  fcr  propagation  of 
gases  from  combustion  rcne  by  entire  combustion  chamber  volume. 
Th^r^fore  the  t i m®  lag  iniicatsc  it  is  pcssihl?  to  designate  through 
TQ-'Pit'it  depends  on  the  ccaousticn  chamjer  volume  i- 

Page  274, 

The  instability  cf  chaobar  operation  can  begin  with  the 
coincidence  cf  frequency  and  phase  of  the  oscillaticns  of  pressure 
P''  and  fluctuations  cf  the  libaratioa  of  heat  Q.  This  condition  can 
be  written  in  the  form  cf  the  aguati.on 

’  1 15.  n 

where  T  -  period  of  fluctuations  cr  tha  pressure  of  ccmbusticn 
products  in  the  ccmbusticn  caaoter. 

Page  274, 

In  this  case  the  maxiaua  of  the  liberation  of  heat  synchronizes 


with  the  pressure  maxinui  of  combustion  products,  that  maintains 
(while  in  a  number  of  cases  it  srrengtaans)  fluctuations  of  the  gas 
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pressure  in  the  cc:nausticn  cndahtr,  i.J.,  occurs  resonance  exaniined 
above . 


One  should  enphasrze  that  in  the  absence  of  delays  in  system 

response  of  supply  and  processes  ac  tha  chamber/camera  to  a  change  in 

pr^ssuro  "  ■  vh^-  *  . ^  t;  ar,  »  t  ‘-■‘'orp  vi  ’  ^ 

^  •*  •.  -  - 

conditions  for  mainrairinj  taa  cscniiations . 

Ac*‘ually/really ,  it  in  any  reason  pressure  increases,  then  in 
the  absence  of  delays  instantly  aecreases  an  injector  pressure  drop, 
the  propellant  ccnponert  flow  through  then,  and  also  a  quantity  of 
isolatable  heat,  which  instantly  leads  to  the  decrease  cf  pressure 
Pk,  the  pressure  indicated  will  be  reduced. 

The  oscillations,  caused  oy  the  rjacticn  of  feed  system  to 
processes,  taking  place  in  the  ccmbustion  chamber,  are  low-frequency. 

Mechanism  examined  above  of  the  maintenance  of  NCh- 
oscillations/vibrations  makes  it  possible  tc  base  recommendations 
regarding  IS  for  excepticn/elisination,  and  also  regarding  the 
suprassion,  if  they  are  revealed/detectad  in  the  course  of  developing 
the  anqi.ne.  First  of  all  is  necessary  large  disagreeaent/aismatch  cn 
the  basis  of  the  phase  cf  the  oscillations  cf  pressure  Pk  and  caused 
by  them  fluctuations  of  the  lioecation  of  heat  in  the  chaaber/camer a 
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of  CO  nb  osticn .  For  it  is  icCaSScC/  to  char.oe  tc  a  certain  iogr*:" 

th*?  following  naran  =  t«rs  ar.i  tha  characteristics  cf  angina  ar.i  of  3C 

:  fl’i-v:  •/■ 

as  ?.  whole;  prassara  Pk',  tae  .tocerry  oc  procellant  cooocnents:  an 
iniector  pressure  rlrcp  cf  cxidizer  and  fuel:  the  raducad  length  of 
combustion  chamber  and  the  lanjth  cf  the  mains,  which  supply 

0  r  0  0  a  1 1  a  n  t  co  o  o  ^  r,  ■»  n  ”  s  "  r  c =  c  a  a r-  r /  c  i  c  a  r  n  , 

Tha  stability  of  rhe  wcrx  cf  each  type  ongine  to  a  cons iderab I® 
degree  depends  on  the  mede  cf  its  eparatien,  ietermined  by  the 
consumption  of  fuel  ip  and  ay  coefficient  By  conducting  the  special 
tests  it  is  possibla  tc  ccnstruct  tha  graph,  cn  one  axis/axle  of 
which  to  plot  the  values  of  coefficient  x,  and  on  another  -  the  value 
of  the  ratio  of  the  real  axpaniiture  m  (or  actual  pressure  h.J  to 
nominal  expenditure  {or  tc  ncainal  pressure  if^xaoM^;  at  each  value  of 

coefficient  n  it  is  pcssiola  tc  select  such  pressure  Pk,  higher  than 
which  the  mode/con  1 itic rs  of  caaoaer  ooeraticn  becomes  stable. 
Therefore  the  field  cf  graph  will  provs  to  he  divided  into  two 
regions:  the  region  cf  stable  ocas  and  the  region  of  unstable  engine 
power  ratings  (Fig.  15.1).  Iha  worx  of  engine  separately  frem  the 
rocket  vehicle  and  in  its  composition  in  the  region  of  unstable 
modes/conditions  is  net  allowed/assume  i. 


Page  275 
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An  incr^as®  in  «xc€nditjre  ci  m  and  pr'^ssur^  P«  laads  tc  t  h® 
incraasa  of  fraquancy  atd  tha  redaction  of  tha  arnrlituda  of  tha 
oscillations  tha  paramerar  iaaicatei.  On  the  contrary,  with  a 
rediiction/descon+-  in  expendirurs  of  i  and  pressure  ■?..  with  the  work 
of  engine  under  the  conditions  cf  ths  raduced  thrust,  the  amplitude 
of  ''S7\ Hat  io"s  ■* '■or<^ases/qr  3  ws  a.ic  can  reach  dar.q‘irous  valaas. 

Coiffici"n+‘  affects  tha  frequency  cf  pressure.  '  to  the  lew 
degree,  hut  as  noted  atove,  frea  coefficient  >-  and  expen  iiture  ni 
(pressur®  Pi  I  to  a  consideratle  de^xea  depends  the  stability  cf  engine 
Dower  rating. 

For  the  work  on  the  igniting  spontaneously  propellant  ccaponents 
are  characteristic  more  high  fregaerrijs  and  smaller  amplitudes  of 
fluctuations  of  pressure  Pk.  tnan  on  tkase  cembustinq 
nonsoontaneou sly .  An  incraase  in  tha  injecter  pressure  drop 

produces  the  increase  of  the  fcegaency  of  pressure  Pk.  and  it  also 
deersases  system  response  of  supply  to  fluctuations  of  the  pressure 
indicated . 
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Vith  an  increase  in  •che  reduced  langth  of  ccnbustion  chamber 
(and  consequently,  with  an  increase  in  its  vclume)  frequency  and 
amplitude  of  fluctuaticns  of  pressura  are  decreased. 

The  decrease  of  the  lenqtn  or  'ne  mains  cf  th<^  delivery  of 
propellant  compcnents  tc  tne  caamotr/c imara  usually  decreases  the 
stability  of  work  of  OD. 

A  number  of  most  effective  methods  of  the  supressicn  of  MCh- 
oscil la ticr.s/ vibrations  includes; 

1)  an  increase  in  the  injactor  prassure  drop; 

2)  the  decrease  of  time  lag  by  the  changes  of 

construct ing/designing  the  head,  which  ensure  an  improvement  in  the 
atomization  and  mixing  and  the  intensificaticn  of  burning; 

3)  an  increase  in  the  time  lag  rg-p^  by  an  increase  in  the 
combustion  chamber  vcluie. 


Intrachamber  instability 


High- fc«»qu<?t\cy  osclllaticus. 

'’n  ier  specific  conditions  tne  oscillations  can  appear  and  he 
nainta’ned  only  due  to  the  processes,  'rfhich  take  place  in  the 
combustion  chamber.  Such  oscillaticns  lave  high  frequency:  they  are 
ch  i  r  1 0 1  is  t  ic  for  the  sc-cailac  in^r  a  ;h  a  r  instability.  \''C7=  i*: 
•rfas  sho'//n  that  a  charge  cf  tne  prassun  at  the  different  coirtc  of 
combustion  chamber  durirc  the  n; ja-fre  luancy  cscillations  occurs 
nor.simultaneously ,  -^ith  phase  shift. 


:^oc 
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"  i  a  .  i  3  .  1  .  Z0 1  ^  7  c  f 
coori  in  ^+-.“s  p-  p.  -  '■ 

alcohol)  . 

?aq<»  276. 

L^t  as  axplain  th*?  n^chanisa  of  iatrachaaber  instability.  In  the 
coi^bastion  chamber  vcluiie  it  is  i-ossible  to  isolate  a  lar-je  quantity 
of  volume  elements;  th«  ccniiticn  ter  its  stable  operation  is  the 
equality  the  expenditure  of  the  mass,  <hich  enters  each  volume 
element,  and  the  expenditure  or  mass,  which  deserts  this  volume.  'Wben 
the  examination  of  time  laq  rtp  ~,q  noted,  which  the  velocity  cf  all 
processes,  begirning  frea  the  irjection  of  liquid  propellant 
components  to  their  eextustion  inclusivaly,  depends  cn  the  pressure 
Pk  and  other  parameters  cf  coabustion  products. 


(.ij  aiio,  I’r.stiol-?  ■;  3;  in 

(f uei/prOri6iiant  -  nitric  acid  +  furfural 


When  fluctuations  cf  pressure  are  present,  Pi;  the  velocity  of 
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thes  course  of  the  prccessas  inlicat'^d  in  the  d.rffarent  volune 
elements  will  be  differert,  acd  taerefare  can  be  created  conditions, 
with  which  the  expenditure  of  tte  mass,  which  enters  the  given  volume 
element,  and  expenditure  of  mass,  which  deserts  this  volume,  they 
will  be  also  distinguished,  i.e.,  are  created  conditions  for  the 
ons“t  cf  CSC*,  llaticns  cf  ^xpar.  i  j  ;ur'',  iscla*’!:!®  h^at  and  ether 

oarameters  in  the  coirbusticn  cnaaijer  volijn*^. 


In  the  presence  of  the  resonance  of  the  oscillations  of  pressure 
Pb  and  fluctuations  of  the  iibatation  af  heat  accidental  change  Pk 
(initial  impulse/moaentua/puisa)  can  rapidly  be  strengthened  and, 
after  achieving  significant  amplirudes  for  the  short  time  interval 
(during  the  fractions  cf  a  second)  ,  cause  the  destruction  of 
chamber /camera. 

The  oscillations,  cenneexad  with  the  pressure- wave  emission  in 
the  gas  with  the  speed  cf  sound,  call  acoustic;  they  depend  cn  the 
qaomatric  dimensions  arc  the  configuration  of  cembustien  chamber,  and 
also  on  the  properties  cf  ccafausxicn  products. 

Any  accidental  longitudinal  oscillation  cf  pressure  is 
propagated  along  the  aiis/axla  cf  chamber/camera  in  both  directions 
and  is  reflected  from  the  head  ana  the  tapering  portion  of  the  nozzle 
to  a  certain  degree,  which  depends  on  the  coefficient  of  wave 


i 
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absorption,  Thorefor*?  it  is  necessary  bo  examine  the  process  cf 
aiding  straight/direct  and  raflected  prassure  wavas. 

It  is  known  that  as  a  rasult  of  aiding  straight/diroct  and 
backward  waves  can  be  fctaed  tne  sc-called  standing  waves.  They  are 
characterized  by  t  of  the  traveling  waves  fact  •'•hat  their 
characteristic  points  (antinoda  and  units)  for  aach  this 
charnber/caneta  occupy  the  ccapletaiy  apacific  and  constant  place,  l 
us  recall  that  antincde  is  called  the  point  ct  surface  with  the 
greatest  amplitude,  and  by  unit  -  point  or  surface  with  the  zero 
amplitude,  i.e.,  in  the  pressure  acdas  remains  constant.  In  the 
section  from  the  unit  tc  the  au'tiscde  the  amplitude  of  oscillations 
increases/grows  from  zero  tc  laximun. 
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Fi  7  .  It. 2.  th  d  is  *•  r  i  b  u  t  ic.n  3f  :rissjr2  aion^  t‘'.«  l^nath  of 
combustion  chamber  duritij  rhi  icii jitu  iinal  oscillat icns  of  th*;  first 
mode. 

Pace  277. 

In  Pig.  15.2  solid  line  snowed  the  distribution  cf  pressure 
along  the  length  of  ccrbustion  chanber  at  the  acaent  of  tiae  t,  and 
by  dotted  line  -  at  the  acment  of  time  r+T/2,  where  T  -  period  of  the 
longitudinal  oscilla+.icns  of  "cae  jas  pressure  in  the  combustion 
chamber. 

If  at  the  length  cf  coanustion  chimber  is  stacked  one  half-wave 
(number  of  units  z=  1)  /  then  oscillations  call  the  first  mode  (or  the 
fundamental  harmonic).  At  the  length  of  combustion  chamber  can  be 
stacked  two,  three  and  mere  aalf-wavss  (number  cf  units  z=2,  3, 
etc.) .  In  this  case  cf  cscillacicn  they  call  the  respectively  second, 
third  mode  (or  the  second,  third  naraonic)  ,  etc. 

I 
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If  wo  co'in*-  n'.cdru'T  in  tai  cojii'is ’:icn  chanh? 
fhe  lorqitudinal  cscillaticns  of  fc^ssure  the  r>2 
(ccrabusticn  products)  frcn  one  cross  ssction  to 
in  each  this  cross  section  taey  are  identical  at 


r  of  ur.  ifcr.u,  then 
ra.netors  of  niediu:!! 
another  chanqs,  but 
its  any  point. 


Lcnqitudi-’al  osci  ’  lain  cns  acre  fr^qurnhly  ar  ;  a^rarv-'.]  in  oht 
lore  conbustion  cha'^fors,  Moreover  with  an  increase  in  the  lenqth  of 
*ho  latter  froquorcy  :s  decraased. 

Longitudinal  oscillations  strongly  affacts  the  tapering  portion 
of  the  nozzle.  With  the  cectaase  or  the  angle  of  taper  of  the 
tapering  portion  of  nozzle  and  length  of  combustion  chamber  the 
stability  of  its  work  incraa.s93/grows .  In  the  chamber/camera  with 
several  nozzles  (such  chaabers/caaera s  are  used,  in  particular,  in 
aOTT)  is  reached  the  large  stability  cf  the  operating  mode,  than  in 
the  chamber/camera  with  one  nozzia. 

The  stability  of  chamber  operation  increases/grows  also  with  an 
increase  in  the  coefficient  of  wave  absorption  of  head.  During  the 
radial  and  tangential  cscillaticns  also  appear  the  antinoies  and 
units.  During  the  radial  oscillations  of  the  surface  of  units  are 
arranged/located  on  the  circumferacces  (parameters  cf  gas  change 
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alcng  th3  radius),  while  witu  cht  tai  jential  cn^^s  -  ar  the  diaaetsrs 
(paramatprs  cf  gas  charge  along  tat  circuoference) .  oscillaticns  cf 
bohh  forms  have  the  greatest  aapiitude  in  the  cress  sections  near  the 
head;  in  the  measure  apf reximation/ap proach  fer  cross  section  at  the 
nozzle  entry  their  amplitude  is  decreased. 

V 

Radial  oscillaticns  more  iregueatly  appear  in  the  large 
combustion  chambers  (with  large  relation  djlv)- 

la  the  process  of  woric  2hSD  frequently  simultaneously  are 
present  several  modes  c£  longitudinal,  radial  and  tangential 
oscillations.  The  theory  of  acotstics  establishes  that  with  an 
increase  in  the  frequency  of  oscillations  increases/grows  the 
scattered  energy  and,  cense guently ,  also  the  energy,  necessary  fer 
maintaining  the  oscillaticns. 

In  connection  with  the  conditions  of  chamber/caaer a  ZhRE  the 
smallest  energy  is  required  fer  maintaining  the  first  modes  cf 
longitudinal  and  tangential  oscillations  and  a  somewhat  high  energy  - 
for  maintaining  the  first  mode  of  radial  oscillations.  Therefore  most 
easily  are  excited  the  first  modes  of  longitudinal  and  tangential 
oscillations. 


For  th*e  evaluaticn  cf  tne  staoility  cf  chamber /camera  tc  the 


hiqh-f requency  oscillaticns  rrajuantly  proves  to  be  sufficient  *-he 
account  only  of  the  first  mode  ct  ioa qitudinal,  radial  and  tangential 
oscil laticns. 

Page  278. 

The  conditions  cf  the  siaergoaca  of  the  high-frequency 
oscillations,  caus<ad  by  the  reaction  of  fluctuations  of  pressure  with 
the  processes  in  ^-he  ccabustion  caaisber,  are  determined  by  the 
relaticnship/ratio,  analogous  to  aquation  (15.1): 

whera  T  and  f  -  period  and  tae  fraguency  of  the  first  mode  of 
acoustic  channel 

VCh-oscillaticns/vibraticns  ara  maintained  (or  they  are 
strengthened)  ,  if  fluctuations  cf  pressure  ^re  found  in  the 
resonance  with  the  fluctuations  of  the  liberation  of  heat  when  the 
combustion  zone  is  arranged/located  in  tb^  region  with  the  greatest 
change  of  the  pressure,  i.e.,  in  tne  region  of  antinode. 

If  we,  for  example,  expand  one  way  or  another  combustion  zone 
along  the  length  of  ccmtustion  caambar,  then  the  liberation  of  heat 
in  a  whole  series  of  cress  sections,  in  the  first  place,  in  the  cross 
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section  where  are  locatsd  units,  not  sniy  it  will  net  maintain  the 
longitudinal  oscillaticrs  cx  fCcssura  p,.,  rut  cn  the  contrary,  it  wil 
depress  them,  damp. 

Time  has  a  basic  efiect  on  intrachamber  instability,  and 

‘■he  effect  of  time  ■*'-?  -■^n  be  i  isre  Ter  le  =  f , 

Mechanism  examined  above  of  tae  maintenance  of  high-frequency 
cscillations  makes  it  possibia  to  oas e  the  following  conditions  for 
their  supression: 

1)  the  exception/elimi nation  of  the  resonance  of  the 
oscillations  of  pressure  p«  and  liberation  cf  the  heat; 

2)  the  stretching  cf  the  process  cf  burning  in  the  time  and  the 
space. 


The  resonance  indicated  is  eliminated  by  a  change  in  time 

♦ 

and  significant  dimenslcts  and  comoastion  chamber  configuration. 

Period  -<?  it  is  possible  to  atiect,  changing  the  quality  cf  the 
♦ 

atomization  of  propellant  coaponeats,  introducing  in  them  these  or 
other  additives,  etc. 


The  stretching  of  the  process  of  burning  in  th®  time  (i.e.  a 
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chang'»  in  for  zm  iiiiar<'nt  par^s  cf  r  no  propoiiar.t 

conponeni  flo'-()  and  in  the  apace  (aith  tiae  ~^consi  for  all 

con  positp/conpo'ind  ccmpcnent  cirts  of  nhe  propellant  co'^oon  =  nt  flow) 
is  provided  by  constructior/dasi-jn  and  parameters  of  h^ad,  including 
by  utilization  of  the  Siirl  injectors  vith  the  different  angles  of 

-si  0  il  t  aneous  utilizaticn  of  j=t  aao  3..iri  io'ec-.crs  or  mono-  and 
duolax-^uel  naczles,  e+c. 


The  head  of  chaaber/caaera , 
decisive  effect  or.  the  stability 

Page  27D. 

High-frequency  cscillaticas 
to  suporess,  selecting  fcUorfiag 
oaraaeters  of  the  enginet 


aj  it  vas  shewn  into  §12.3,  has  the 
ci  th?  process  of  fuel  cembustion. 


iii  the  chamtsr/caaera  it  is  possible 
structural/d9S3 gn  data  and 


1)  type  and  the  ccnstruction/design  of  injectors;  in  a  nuaber  of 
cases  it  is  possible  tc  ensure  tae  stability  cf  the  process  cf 
burning,  using  injectors  with  oaffie  plate  (see  §12.2)  or  with  the 
fan  atoBiization  instead  cf  the  aajectors  with  the  circular 
atoaizaticn; 
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2)  a  number  of  injeccors,  tne  or  iar  of  their 

arrange  nent/positi  cn  or.  tht  plane  of  haad,  and  also  the  displacenart 
of  the  ends/faces  of  the  in^ectcrs  of  one  prcrallant  coaponert 
relative  to  fire  hottcm  (in  particular,  th<»ir  submerging  in  the 
bottom)  ; 

3)  an  ir.'iactcr  pressure  drc^.;  usually  with  its  increase  the 
amolitude  of  f  1  uc+ uat 5  cns  of  crassure  /?■:  it  is  decreased; 

4)  the  relationship/ratio  of  injector  pressure  drops  of  oxidizer 
and  fuel,  and  also  velocities  of  cneir  injection  into  the  combustion 
chamber;  for  example,  fcr  oxygen-hydrogen  ZhPD  the  pressure 
differential  on  the  hydrogen  injectors  and  injection  velocity  of 
hydrogen  it  must  be  cor.sideraoly  more  than  fcr  oxygen  (injection 
velocity  -  10  tim^s  and  ircre)  . 

The  increased  reliability  possess  the  chaabers/cameras,  the 
supply  of  components  intc  which  is  produced  both  into  the 
preconbustion  chambers  and  it  is  direct  into  the  combustion  chamber 
(chaaber/camera  with  the  two-staga  combustion).  The  process  of 
burning  in  such  chaabers/cameras  proceeds  most  completely  and  it  is 
decreased  the  danger  of  the  emergence  of  unsteady  combustion, 
including  with  the  Icwercd/ra duced  expenditures,  since  the  dominant 
role  in  the  fragmentation  and  the  mixing  perform  the  combustion 
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products,  which  “nter  frca  tae  praccro b  is  cion  chambers. 

The  possib-'lity  of  the  aaiaryencs  of  high-fr*»  lusr.cy  oscillations 
(as  ^ich-  osc3  llations/vibratioasj  Depends  on  engine  power  ratin  j: 
exo^nditure  m  and  connected  with  it  prissurs  Pk  and  ccafficient  x  I 
n^riod  of  th®  st  ar  t  i  c  j/ ia  uncning  wien  an  in'’=c*:cr  pressure  !roc 
is  still  low,  engine  weeks  less  stably  than  in  the  noninal  rating.  I 
we  increase  pr^ssur^^  Pk  ty  reauccicr.  in  area  [kp-  than  the  stability  c 
th'*  work  of  engine  is  raised. 

The  stability  of  the  work  or  engine  depends  substantially  cn  th 
type  of  propellant  ccapcnents;  ty  of  taeir  correct  trial  and  error 
and  in  certain  cases  by  the  addition  of  special  additives  (in  a 
quantity  to  lo/o)  it  is  possible  to  avoid  high-fr aq uency 
cscillaticns. 

The  stability  of  burning  affects  the  temperature  of  components 
of  fuel/propellant,  with  which  they  ara  introduced  into  the 
chamber/camera;  with  its  reductica/descent  the  burning  becomes  less 
stable. 

Xn  a  number  of  cases  the  stability  of  burning  in  the 
chamber/camera  is  achieved  fay  the  setting  up  of  the  so-callsd 
acoustic  par'*"  itions/baf  flas  cn  the  fira  bettom  within  the  coirbusticn 

chamber  perpendicular  to  it  (Fig.  15.3). 
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Fig.  15.1.  Chanib«?r/canpra  with  cca  acoustic  partitions/baf flss  in  th® 
acpa  of  fiC'"*  rof-^r’';  ''  -  fira  o  cot  or;  2  -  acoustic 

car+it  ion  s/ba  f  f  leis  . 

Fago  210. 

Such  partitions/baffles,  deaarcating  tha  cavity  of  combustion  chamber 
near  the  fire  bottom  by  several  various  volumes,  decrease  the 
tangential  oscillations.  Purtharmore,  partiticns/baf f les  increase 
rigidity  and  strength  cf  cnamoar/c ans ra;  they  can  be  both  cooled  and 
uncooled  burning.  If  for  the  srabife  chamber  operaticn  is  sufficient 
the  oresence  of  part  it ic rs/ tat f ies  only  with  the  starting/launching 
(tangential  oscillations  freguently  apoaar  precisely  during  this 
period),  then  it  ?s  expedient  to  use  the  burning  partitions/taffies. 

For  damping  the  acoustic  oscaj.la tions  it  is  possible  to  use  the 
acoustic  damper-  per forated/puacnad  cylinder  which  is  established 
within  the  combustion  chaaoec,  so  that  between  the  cylinder  and  its 
wall  is  formed  the  rescnance  cavity,  which  can  be  tuned  for  th® 


1  ^  r 

1  / 

1  AO'A09e  403 

1  UNCLASSIFIED 

FOREIGN  TECHNOLOGY  DIV  WRIGHT-PATTERSON  aFB  OH 
CONSTRUCTION  AND  DESIGN  OF  ROCKET  EN6INES»(U) 
FEB  81  V  A  VOLODIN 

FTD-10(RS}T-0090-81 

f/g  21/e 

■r 

1 

1 

1 

1 

. i 

1 

1 - 

I 

HHI 

K _ J 

A098403 


DOC 


PAG£  ^^7 


specific  expected  frequencies  of  acoustic  oscil laticns.  Oscillations 
are  laaped  as  a  result  cf  rhu  overrlowing  of  ccabusticn  prcdccts 
through  the  openings/a perturas  and  the  interference  of  the 
straiqht/direct  and  ceflecred  4aves. 

?15,2.  niractlcTp  p?-r fec-cic.i 

Let  us  exanine  the  tasas  of  diraction,  on  which  is  conducted  the 
improveaent  of  ^hRD. 

An  increase  in  the  spscxfic  ispulsa  zhRD  is  achieved  first  of 
all  by  the  selection  cf  lost  effective  fuels/propellants.  Such 
fuels/propellants  include  and  other  fluorine-bearing 

fuels/prcpellants,  and  also  fuels/propellants  three-component  and 
with  the  fuel  containing  metal  (see  §10.9), 

Promising  is  the  utilizaticn  of  a  mixture  cf  supercooled  liquid 
and  solid  hydrogen  (•’sludge")  . 

Specific  impulse  7hBD  is  raised  also  upon  transfer  to  the  more 
advanced  diagrams  (diaczai  "gas-  laquid"  and  etc.). 

An  increase  in  the  stability  of  woric  of  ZhRD  is  provided  with 
the  aid  of  the  measures,  examined  xn  §15.1. 
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Th3  dAcrease  of  the  diaaa^icas  of  angine  can  be  achieved/ceached 
by  transi-tion/^rarsfer  tc  highar  tressures  p*.  rational  layout  of 
engine,  by  iaproveaent  cf  the  ccnetructi on/de sign  of  its  aggregates, 
in  particular,  by  the  utllitaticn  of  chanbers/caneras  with  the  inner 
body  and  so  fer-'-h;  the  use/appiicat J on  of  the  latter  beccines  ccssibl« 
in  connection  with  the  craaticn  of  new  structural  materials, 
thermo-insulatirq  coatings  and  development  of  the  effective  methods 
cf  cooling  th®  walls. 

Is  very  promising  the  engine  of  large  thrust,  which  consists  of 
the  large  quantity  (24  and  acre)  of  combustion  chambers,  located  on 
the  ring  around  the  ccaicn  nozzle  with  the  inner  body. 

For  reducing/descending  the  mass  of  engine  they  ace  used: 

1)  structural  materials  with  the  high  specific  strength 
(titanium,  aluminum,  magnesium,  beryllium  and  their  alloys,  plastic 
and  the  combined  materials)  ; 

2)  advanced  technclcgy  of  the  production:  vacuum  casting, 
welding  by  electron  beam,  alectric  spark  and  electrochemical 
treatment,  treatment  by  lasers,  diffusion  welding  sc  forth; 
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3)  the  intensification  of  the  proc2Ss<5s,  which  taka  place  in  the 
engine  accessories,  in  this  case  is  decreased  net  only  the  mass  of 
engine,  bat  also  its  dinensions  and  volaae. 

Page  2^1. 

One  of  the  trends  c£  develcpaent  of  ZhRD  is  an  increase  in  their 
thrust,  titiliznticn  of  ZhBD  with  ta»  large  thrust  in  the  engine 
installation  of  the  first  booster  stages  significantly  siaplifies  it, 
since  is  decreased  a  necessary  guaatity  of  engines  and  is  facilitated 
the  task  of  their  sisaltaaeous  starting/lauscbing. 

In  a  nuaber  of  cases  for  axpanding  the  possibilities  of 
application  of  in  series  aade  ZhBD  appears  the  need  in  an  increase  in 
their  thrust  without  an;  stcuctural/design  alterations  or  with  their 
ssallsst  quantity  (first  of  all  can  be  required  changes  in 
construction/design  TNA  and  ZhGG),  for  which  nsually  is  increased  the 
propellant  coaponent  flow  with  the  appropriate  increase  in  pressure 
pK-  zhRD  it  is  possible  tc  bcost/forcs  on  the  thrnst  also  by  the 

addition  of  high-energy  cespooeot,  for  eiasple  by  the  addition  of 

9 

flaecine  into  oxygen.  laportsnt  direction  of  perfection  ZhBD 


ar*  the  safeguard  of  slsplicity  and  convenience  in  the  operation,  and 


also  the  safeguard  of  readiness  or  eigine  fcr  the  iirmediate 
launching /starting. 

yor  expanding  the  regica  of  the  possible  use/applicatlcn  of 
engine  decisive  importacce  hava  its  following  special 

faat'ires/poculiarities: 

1)  large  reliability; 

2)  the  possibility  cf  sulriplying,  including  in  the  vacuum; 

3)  the  possibility  cf  lacge  cnangas  in  expenditure  of  it, 
pressure  ok  and  coefficient  x  and,  therefore,  change  in  the  thrust 
over  vide  lisits,  with  the  retantion/preservaticn/naintaining  of 
sustained  coebustion  and  high  value  ?>. 

4)  the  reserves  fcr  the  daveiopaent  of  ccnstruction/design,  in 
particular  increase  in  the  service  lifa  of  worh; 

5)  efficiency  of  afterward  diffarant  (aecng  other  things 
prolonged  ones)  tise  intervals  between  the  inclnsions/connectlons; 

6)  creation  by  the  engine  cf  control  forces  and  aoeents/torques; 
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7)  the  admissibility  of  pccicagel  storaga  in  that  charqed/fillei 
of  states; 

fl)  the  adantahiliry  of  engine  to  changes  in  the  environmental 
parameters.  From  this  ccint  of  view  ara  effective 

a)  thft  -mine's  whcse  cnaajer/can ara  is  equipped  with  th«  mebile 
section  rf  ncz7le;  h)  *h€  engines,  which  have  nozzle  with  the  inner 
body,  and  c)  the  engines  with  the  nigh-altitude  nozzle,  ccntrclled 
and  work  at  th*  level  cf  sea. 

Reduction  of  cost /value  and  the  time  of  the  development  cf 
engines  and  their  prcducticn  is  the  most  important  problem, 
especially  for  the  first-staga  engines  of  rcckets. 
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Page  282. 


Ch=i"ter  XVI. 

SOLID-PROPELLANT  ROCKET  ENGINES. 

§  16.1.  Device  EDIT  Csclid-propallant  rocket  angine  ]. 

The  simplest  diagrae  and  the  principle  of  rocket  thrust-chanber 
firing  cf  solid  fuel  are  exaeined  in  §  1.2.  The  characteristic 
feature  of  ROTT  is  the  fact  that  its  housing  is  sioiultanecusly 
combustion  chamber  and  peculiar  tark  for  positicning/arranging  the 
fuel  charge,  in  connecticn  with  which  drops  off  the  necessity  for  the 
propellant  feed  system. 

ROTT  consists  of  housing  with  the  nozzle,  fuel  charge  and 
aggregates  of  different  systems  (ignition,  the  creation  of  ccntrol 
forces,  disconnection,  etc.) • 


Housing  aost  frequently  has  a  form  of  cylinder,  but  it  can  be 


r 
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spherical.  On  the  f ront/l«adir.ij  bcttom  of  housing  in  the  center 
usually  is  placed  torch  igniter.  Back  plate  is  frequently  performed 
together  vith  the  nozzle. 

Essential  effect  on  the  ccnstrcction/design  of  RDTT  exert  the 

special  feature/peculiarity  cf  the  arrangement/pcsition  oi  r'i  =  i 
charge  in  the  housing. 

Page  283. 

Are  distinguished  the  deposit  atd  fastened  fuel  charges.  Deposit 
charges  are  aanufactured  separately  and  they  insert  in  the  housing  in 
the  fore  of  one  or  several  cylinder  grain.  The  case-bonded  charges 
usually  prepare  via  drenching  fuels/propellants  in  the  liquid  state 
directly  into  engine  block.  After  hardening  this  charge  provides 
strong/ durable  cohesion/ccupling  vith  the  walls  cf  housing  and 
possesses  certain  aechanical  strength.  The  usually  bonded  charges 
have  central  channel. 

Fig.  16.1  and  16.2  depict  diagraes  of  RDTT  with  deposit  and 
case-bonded  charges.  Depcsite  charges  are  fixed  by  the  end/face  of 
rear  bottoe  and  by  the  resilient  spacer  in  frent/leading  bottca. 


which  lakes  possible  the  theraal  expansion  of  charge  both  during  the 
storage  and  with  the  work  cf  FOTI.  Deposit  charge  can  lean  also  on 
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the  diaphraga  inith  the  cf fjnings/aparturas,  adjusted  cn  the  rczzle 
sLtry.  The  case-bonded  charges  are  connected  with  the  walls  cf 
housing  thrcugh  the  layer,  which  receives  the  loads,  caused  by 
different  temperature  expansion  cf  charge  and  housing  with  the 
storage  and  the  work  cf  BOTT.  Fttthermcre,  the  layer  indicated 
shields  th?  walls  cf  housing  rrcm  th«‘  tharnal 

Fcr  the  contraction  the  lengths  of  RDTT  use  the  so-called 
countersunk  nozzle  (Fig.  16.3),  whdch,  besides  the  fact  that 
foreshortened  length  cf  RETT,  possesses  the  series/number  of  the 
advantages  in  front  of  the  usual  nozzle,  namely: 

1)  are  decreased  mass  and  cost/value  of  engine; 

2)  is  decreased  necessary  effcrt/force  fcr  deviating  the  nozzle 
(for  the  system  of  the  cieaticn  of  the  controlling  efforts  fcr  rochet 
vehicle)  ; 

3)  are  improved  working  cocditicns  of  the  coupling  assembly  of 
the  unit  cf  housing  with  the  oczzle:  in  the  area  cf  the  unit 
indicated  is  formed  the  stagnatico  zcne  of  combusticn  products,  so 
that  heat  fluxes  in  it  are  decreased. 

Kozzle  can  be  submersed  into  the  housings  to  40-80o/o,  and  in 
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certain  cases  and  co^Tpletely.  Hc*«ver,  th*  greater  ths  valup  cf  th^ 
iaaersion  of  the  nozzle  (it  it  is  possible  tc  characterize  ratio 
r spe  Fig,  16.3),  the  greater  degree  to  which  is  decreased 
specific  iirpulse. 

r?r  r-asir.g  tr"-  length  c£  FTTT  instead  cf  one  r.ctzl'- 
ised,  especially  for  PCTT  with  lich  pressure  several  nczr 
16.4)  .  However,  in  this  case  due  tc  the  additional  losses  sp 
irpulsa  POTT  also  descends. 

In  FDTT  with  the  depcsit  charge  housing  they  ccnnect  with  the 
nozzle  with  the  aid  of  the  flanges  cr  the  thread  (see  Fig.  U«2) 
while  in  FDTT  with  the  case'-bcnded  charge  -  the  welding  (see  Fig. 
16.1).  Housing  can  be  prepared  together  with  the  nozzle,  for  example 
via  the  coil/winding  of  tape  free  the  fiberglass  to  the  mcunt/mandrel 
of  the  required  prof ile/a irf cil , 

The  axes/axles  of  housing  and  nozzle  must  coincide  precisely  for 

\ 

elimination  of  eccentricity  of  thrust,  in  certain  cases  according  to 
the  designs  of  RDTT  in  the  cespesition  of  the  flight  vehicle  cf 
nozzle  it  can  be  inclined  at  an  angle  to  the  axis/axle  of  housing  to 


can  bs 
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Fig.  16,1,  Fig.  16,2.  Fig.  16,3,  Fig,  16,4.  Fig.  16.5, 


Fig.  16,1,  ROTT  with  deposit  charge:  1  -  pinwhesl  igniter;  2  - 
front/leading  bottom;  3  -  ply;  4  -  wall  of  housing;  5  -  deposit 
charge  with  armoring  coating;  6  -  nczzle. 

Fig.  16.2.  ROTT  with  case-tondec  charge:  1  -  wall  of  housing;  2,  4 
layer  of  thermal  insulation;  3  -  case-bonded  charge;  5  - 
insert/bashing  from  high-temperature  (strength)  material;  6  -  nozzl 

Pig.  16.3.  RDTT  with  countersunk  nczzle. 

Pig.  16.4,  Housing  of  ROTT  with  four  nozzles. 
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Key :  ( 1 ) .  Form, 

cC 

Pig,  16,5,  RDTT  with  no22lo,  estatlished/inst ail-^d  a*:  ar.gl-?  ^  to 
axis/axle  of  housing. 

Page  285. 

For  example,  this  deflection  cf  nczzle  for  RDTT  cf  the  rockets,  hur 
to  the  wings  of  aircraft,  creates  thrust  in  the  direction  of  the  li 
of  wings  and  eliminates  the  affect  cf  combustion  products  cr.  them. 

§  16,2,  Requirements  for  EOTT, 

RDTT  is  chemical  rocket  engine.  Therefore  for  RDTT  by  analogy 
with  ZhRD  must  be  provided  the  high  values  of  the  set  of  the 
parameters  specific  pulse  lya.  and  density  cf  fuel/propellant  Or- 

However,  to  RDTT  is  imposed  a  number  of  specific  requirements, 
moreover  the  main  thing  among  them  is  the  specific 
(prescribed/assigned)  and  stable  law  of  rate  cf  combustion.  The  law 
of  rate  of  combustion  is  called  a  change  in  cate  of  combustion  of 
fuel  charge  in  the  operating  time  cf  engine  (depending  on  pressure 
Pk  and  other  parameters) , 
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Sate  oi  combustion  cf  fu€i  cr.ar<je  is  ajual  to  tha  distd.-v,-^, 
passed  in  1  s  by  flame  front  perpendicular  tc  buri.ing  surface.  The 
speed  indicated  they  designate  by  letter  U  and  they  express  in  'nm/s. 
Therefore  the  law  of  rate  of  combustion  is  dependence  U=f  (r) . 

Th-*  law  cf  rat*?  cf  ccobusticr  oir.  ~  s  tc  I’-.th'^r  wi: 

paracstars  cf  charge  the  mass  flew  rate  per  secenc.  cf  ctr: 
products.  The  surface  area,  ever  which  burns  fuel  charge,  is  called 
burning  area  and  they  designate  by  letter  S.  At  rate  of  ccj.r  ustion  U 
and  burning  area  S  the  vclume  cf  the  fuel/propellant,  which  burned 
dewn  1  s,  is  equal  tc  product  US,  uith  the  multiplication  of  the 
product  indicated  by  the  density  cf  fuel/propellant  Pr  we  obtain  the 
formula  of  the  mass  flow  rate  per  second  of  cembustien  products 

m=C/SQ,.  ''.6.11 

Consequently,  the  mass  flow  rate  per  second  cf  conbusticn 

# 

products  m  is  determined  by  speed  and  burninq  area,  and  also  by 
density  of  fuel/propellant. 

Flow  rate  m  determines  the  mode  of  operation  of  RDTT,  namely 
pressure  in  chamber/camera  and  thrust  in  vacuum  Pn- 
Actually/really,  on  the  basis  of  equations  (4.14)  and  (5.10) 


P^=mft/Cp. 


i16.2) 

(16.31 
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If  v/e  provide  prescr iced/assigred  the  iav;  of  rats  of  ccirfcusticn, 
then  parameters  p*  and  at  the  vicrk  of  ?DTT  in  tha  vacuum  ata 
constant.  These  parameters  at  the  ccrditicns  indicated  are  called 
nominal . 


Deviations  Pn  and  frcir  the  rcminai  values  make 
characteristics  worse  PCTT  and  rocket  vehicle  as  a  whole  on  the 
following  reasons. 

1.  Housing  HDTT  rely  on  strecgth  on  the  basis  cf  nominal 
pressure  of  products  comtusticn  pftMvt-  If  the  actual  pressure  of 
combustion  products  pK.a  tc  the  ncticeable  degree  exceeds  value  Pk.hom, 
under  condition  PK.n>p»M<M  can  cccur  the  destruction  of  housing  RDTT. 

Under  condition  Pk.:l<Pkmoh  the  characteristics  cf  RDTT 
deteriorate,  since; 

a)  increase/grow  Icsses  to  the  dissociation; 

b)  is  not  used  the  available  safety  factcr  of  housing;  if 
condition  pK,:i<pK.uoyi  cccurs  during  entire  operating  time  of  RDTT, 


this  then  means  that  it  would  be  possible  to  attenuate  cf  wall  and 
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mass  cf  housity,  and  this  in  the  case  in  yuesticc  is  not  done. 

2.  Thrust  of  RDTT,  as  any  ether  type  of  rocket  engine,  is 
determined  flight  conditions  cf  rccket  vehicle.  If  in  the  process  of 
work  of  RDTT  its  reaction  force  to  the  noticeable  decree  differs  from 
ncniir.al  value,  then  the  cr-’aticr  cf  the  reliable  system  of  flijh*: 
control  of  rocket  vehicle  hiccers. 

Rate  of  combustion  cf  sclic  fuel  in  the  process  of  verk  cf  RDTT 
must  to  least  possible  decree  tc  differ  from  the  prescribed/assigned 

lav. 


Rate  of  combustion  cf  solid  furl  affect  in  essence  the  fcllcwing 
factors:  a)  pressure  Pk.  t)  the  Initial  temperature  cf  charge  c) 
the  composition  of  solid  fuel  and  d)  the  speed  of  the  motion  cf 
products  along  the  burning  surface. 

The  dependence  of  rate  cf  ccirtusticn  of  solid  fuel  on  pressure 
Pk  can  be  different,  but  mest  freauently  this  dependence  they  depict 
in  the  follcving  form: 

(16.4) 

where  -  rate  of  comfcusticn  at  the  arbitrary  values  of  the 


pressure  of  the  products  cf  combustion  and  temperature  of  sclid  fuel; 


r 
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ip  'Tpcji-  rata  of  ccmbusticr.  at  the  initial  pidSaure  of  cembustion 
products  (fer  example,  with  1  bar)  and  ax  a  daxun  temperature  of 
fuel/ propellant; 

V—  the  censtant  index,  which  deoer.la  cr.lv  cr.  xhe  type  of 
solid  fuel. 

Coefficient  v  is  determined  experimentally.  Its  value  is  within 
the  limits  from  0,2  tc  0,8  (settetises  to  0,85),  The  analysis  of 
equation  (16,4)  shows  that  with  the  decrease  cf  coefficient  v  the 
dependence  of  rate  of  cemfcusticn  cn  pressure  Pr  is  decreased. 

Page  287, 

When  v>0,85  the  solid  fuel  is  very  sensitive  even  to  the  lew 
deviations  in  technology  cf  the  lacufacture  of  fuel  charge  and 
therefore  it  is  dangerous  in  the  inversion.  In  the  case  v>o,85  ^  small 
change  of  the  surface  of  burning  leads  to  a  sharp  increase  in 
pressure  Pk.  which,  in  turn.  Increases  rate  cf  combustion  of 
fuel/propellant. 


The  temperature  effect  cf  solid  fuel  on  the  rate  of  its  burning 
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is  es^imat?d  at  the  invariable  pressure  by  the  reiationship/ratic 

U  ,  =L'  fl 

— Thc,)  ’ 

where  B  -  temperature  ccmtustior  rate  coefficient  of  solid  fuel*  For 
many  fuels/propellants  it  is  equal  tc  350-450. 

But  as  a  result  cf  tha  lew  thermal  con  a  -  ^  i /i  t  y  of  solid  fuel 
the  temperature  of  fuel  charge  with  the  work  cf  ?0TT  remains  ths  same 
as  it  was  before  its  inc lusicn/ccnrection.  Ther-fcre  rate  cf 
combustion  depends  on  the  initial  temperature  of  fuel  charge. 

uith  a  decrease  in  the  initial  temperature  of  fuel/propellant 

the  rate  of  its  burning  is  decreased.  In  this  case  in  accordance  with 

equation  (16.1)  is  decreased  the  flew  rate  of  combustion  products  m. 

and  consequently,  pressure  Pn  and  the  thrust  cf  RDTT.  The  period  of 

combustion  of  fuel  charge  (and,  ccnsequently ,  the  operating  time  of 

engine)  is  increased,  but  tctal  irpulse  is  decreased  only  to  the  low 

degree  (due  to  the  decrease  of  thrust  coefficient  with  decom pressicn 
Ph). 


With  an  increase  in  the  initial  temperature  of  fuel/ pro  pell  ant 
rate  of  combustion,  pressure  Pn  and  thrust  of  ROTT  are  increased,  and 
the  period  of  combustion  cf  fuel  charge  is  decreased:  the  total 
impulse  increases  to  a  small  degree  (due  to  an  increase  in  the  thrust 


roc 
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ccefricisnt  with  an  increase  in  fssssure  pv) 

Ir.  ordtr  tc  ificrease  the  efrsct  cf  aanient  temperature  cr.  rate 
of  ccmbustion  of  solid  fuel,  fcr  EETT  is  created  the  so-called 
microclimate.  Per  example,  rockets  cf  ROTT  can  be  stored  and  employed 
in  t:  t-  w»r~*-:  ( t  r  =?r  nest  a  t  in-?  1  c  *  r  ■^rcll  ■=  !)  ~  ~ -.z  i,  Th-i  r  ’  tst  ati  t 

centre!  .nakeo  it  possible  tc  juir.cjia  tne  tea  ra  t  of  sclid  fuel 

in  the  narrow  ran<76,  which  crevides  the  stability  cf  the  engine 
characteristics,  Variatiers  cf  the  temperature  cf  ?DTT  during  the 
arraegement/position  of  reckets  ic  the  launching  silo,  and  also  ir. 
the  starting/launching  well  of  the  submarine  it  is  substantially  less 
than  on  the  open  starter. 

The  spread  of  characteristics  cf  RDTT  at  different  initial 
temperature  of  fuel  charge  can  te  decreased  by  change  of  area  by 
replacing  of  nozzle  (in  the  siall  FCTT)  or  insert/bushlng  in  the 
critical  cress  section. 

The  rate  of  coabusticn  of  sclid  fuel  depends  on  the  rate  of  the 
motion  of  combustion  products  along  the  burning  surface;  this  motion 
occurs,  fcr  example,  for  the  fuel  charges  with  the  internal  duct,  the 
rate  of  combustion  products  in  picpcrtion  to  approach  toward  the  end 
of  the  channel  of  charge  Increasitg/growing. 
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Paye  288. 

The  dapendanca  Indicated  can  he  written  in  the  fora 

where  0  -  rate  of  coebuaticn,  designed  fcoo  fcrnula  (16.4); 

L’w  ~  rate  of  coatusticn  in  the  presence  of  the  aoticn  of 
ccabustion  products  alcng  the  berning  surface  with  a  ra*e  of 

Bate  of  ccebustion  cf  solid  fuel  affect  also  ether  factors. 

f 

including:  a)  technclcgy  cf  tbe  aanufacture  of  fuel  charge  (size 

of  the  particles  of  the  f cel/prcpcllant.  the  quality  of  their  nixing, 
the  ccapacting  pressure,  etc.); 

b)  the  linear  accelecaticn  cf  rccKet  vehicle  (due  to  the 
energcnce  of  stresses/ voltages  in  tbe  discharge  and  the  effect  of 
acceleration  on  the  particles,  which  are  located  cn  tne  burning 
surface) ; 

c)  special  additives  in  the  fuel  charge,  the  increasing  or 
gearing  down  burning  (see  §  16.3). 

It  is  possible  to  ensure  tbe  wide  range  cf  rate  of  conbustion  of 
tbe  solid  fuels:  fron  0.2>  to  25C  ns/s.  Bate  of  conbustion  cf  the 
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aost  trequently  used  solid  fuels  is  froa  1  to  50  ao/s. 

The  parameters  of  RETT  are  sutuall/  connected  with  each  other:  a 
change  in  one  parameter  leads  tc  a  change  in  another,  and  the  latter 
can,  in  turn,  change  the  first  pazareter,  etc.,  this  dependence  can 
cause  th^  significant  leviiticr  cf  Cf^ai  mcie  cr  ci.-raticn  of  PE"''? 

frcm  the  nominal.  For  exaiple,  an  accidental  increase  in  flew  rate  cf 
m  calls  an  increase  in  cressut*-  p^:  in  this  case  it  i  rcreases/grows 
flew  rate  m,  which,  in  turn,  leads  to  increase  Pv  and  so  forth. 
Another  example  to  this  dependence:  an  increase  in  the  initial 
temperature  of  solid  fuel  causes  an  increase  in  values  of  0  and  a,  in 
this  cass  Incrsasss/groua  pressure  Pm*  and  consequently  also  0,  etc. 

Sesldes  those  indicatsd  above,  to  the  solid  fuels  and  the  fuel 
charges  of  ROTT  are  imposed  alsc  the  following  requirements. 

1.  LOW  low  pressure  limit,  lew  pressure  limit  is  called  such 
pressure  Pn,  lover  than  which  the  burning  of  solid  fuel  becomes 
unstable.  This  lisit  depends  on  the  type  cf  solid  fuel. 

2.  Good  cosbustlbllity  and  stability  of  burning. 

3.  Reproducibility  of  characteristics  of  fuel  charge  in  series 


production  RETT 
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4,  Physiccchemical  stability  cf  fuel  charge.  It  is  characterizeti 
by  the  resistance  of  fuel  charge  tc  th--'  initiation  of  cracics, 
volatilization  of  the  separate  ccb pcsits/compcund  cceponent  parts  of 
the  fuel/propellant,  abectbticn  cf  soistura  and  aging  in  the  process 
cf  prolong'd  up  to  s^vorai  y-  -  crajs,  ir.cludir.j  i;r.d'’r 

conditions  of  oscillating  the  t  =  mperaturs,  fct  axaaple,  from 

2130K  r-8ooc]  *0  3330K  [♦fC'^c*. 

Page  299, 

Solid  fuel  is  most  sensitively  tc  crack  initiation  with  they  are  low 
teaperatures.  The  presence  of  cracks  can  cause  a  sharp  increase  in 
the  burning  area  and  pressure  which  can  lead  tc  the  deconpcsition 
of  engine. 

solid  fuel  aust  possess  the  saallest  hygroscopicity ,  i.e.,  it 
aust  not  absorb  and  hold  scisture.  Otherwise  considerably  becoae 
coaplicated  the  aanufacture  of  charges  and  operation  of  RDTT.  In 
order  to  exclude  the  effect  of  scisture  on  the  fuel  charge  with 
storage  of  engine,  the  cavity  of  the  cha aber/caaera,  in  which  it  is 
placed,  it  is  heraetically  sealed  with  the  aid  of  the  silencec/plug . 
It  is  installed  usually  in  nozzle  throat  is  thrown  cut  by  the 
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i.'r@ssuce  of  coabustion  products  during  angina  starting. 


Aging  fuel  charge  during  the  storage  is  explained  by  the  course 
of  the  slow  spontaneous  processes  of  decomposition  and  is 
characterized  by  a  change  in  the  structure,  by  the  disturbance  of 


'3..-  ^  V.. 


t«  i  ^  -  U 


trangnh  charactar i sti os  of 


fuel  charge;  therafera  the  rcticeahle  ajing  of  fuel  charge  is 
iradafssible  fer  9DTT. 


5.  Sufficient  sioplicity  and  safety  of  technology  of  production 
in  fuel  charge,  transport  and  storage  of  ROTT.  In  solid  fuel  as  such 
as  possible  there  should  net  enter  dangerously  0xplcsive  and  toxic 
substances.  It  aust  be  lew-sensitivity  to  the  effect  of  friction  and 
impact s/shocks. 

§  16.3.  Compcsltion  and  the  properties  of  fuels/propellants  cf  RDTT. 

By  the  chemical  ccspcsltion  the  solid  rocket  propellants  (TR7) 
subdivide  into  the  colloidal  ones  and  the  sixture  ones. 

Colloidal  solid  rocket  propellants  are  the  solid  solutions  of 
the  uniform  hoaogeneous  substances  whose  lolecules  centain 
ccabustlble  and  oxidative  •!« me nt s/cells .  Host  frequently  as  the 
colloidal  solid  rocket  propellant  is  used  the  solid  solution  in  which 
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it  is  contained  by  50-75c/c  of  citrccell ulose  and  43-25o/o  of 
nitroglycerin,  with  an  increase  in  the  contant  of  intro-glycerin  in 
tha  solid  rochet  propellants  is  increased  the  specific  impulse  cf 
SDTT,  but  deteriorate  the  aechanical  properties  of  charge,  is  raised 
explosiveness  and  deteriorates  the  physicocheaical  stability  cf 
fuel/ prop ell ant. 

Charges  of  the  colloidal  sclid  rochet  propellants  provide  the 
sufficiently  high  values  cf  specific  impulse,  possess  good  mechanical 
properties  and  low  low  pressure  limit  of  5-10  bars  [—5-10  kgf/cm^  ]. 
Their  shortcomings  include: 

a|  by  fire  and  explosiveness  during  the  manufacture  of  fuel 
charge: 

b)  the  increased  values  cf  index  v: 

c)  the  insufficient  elasticity,  which  eliminates  the  possibility 
of  the  fastening  of  charge  with  the  walls  of  housing. 

Page  290. 


Due  to  the  noted  shcrtccmings  the  charges  of  the  colloidal 
fuels/propellants  are  used  in  essence  in  comparatively  small  ones  of 
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engine. 

Mixture  sclid  rccxrt  propc Harts,  being  aiGchanical  mixtures  of 
oxidizers  and  fuels,  call  alsc  tetcregenic  (heterogeneous).  The 
oxidizers  of  mixture  solid  rocket  propellants  are  the  inorganic 
crystallirr  suL'star.c'»r :  ir.  '^sscrce  is  asTcnium  pcrchlorar-t 

NH*CL04;  mere  rarelv  are  used  ectassiue  cerchlcrate  KCIO4/  sodium 

^TfMZZ 

nitrate  NaN’03,  of  ^  of  rctassium  .KNO3  and  nitrate  of  ammonium 

SH4NO3.  Therefore  fer  creation  of  fuel  charge  with  required 
mechanical  strength  cne  of  the  ccmtustible  mixture  solid  rocket 
propellants  must  possess  the  cotcecting/cementing  properties:  a 
comparatively  small  quantity  cf  fuel  must  be  sufficiently  in  order  to 

f 

connect  into  the  strcng/durable  charge  a  large  (to  88c/c)  quantity  cf 
crystal  oxidizer  and  second  combustible  mixture  solid  rocket 
propellant  (powder-like  metal).  In  this  case  the  composition  cf  solid 
rocket  propellant  to  the  greater  decree  approaches  stoic hieme trie, 
which  increases  the  specific  impulse  of  BCTT. 

As  the  fuel-bonds  cf  mixture  solid  rocket  propellants  serve  the 
synthetic  polymeric  organic  compounds;  polysulfide,  polyurethane  and 
polybutadiene  natural  rubbers,  etc.  As  the  second  fuel  the  sclid 
fuels  which  is  intended  fer  an  increase  in  their  energy  properties, 
use  in  essence  powder-like  alumiDUB,  less  frequent  -  beryllium  and 
magnesium. 
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In  the  ccr.taoporar >■  itixtura  sclid  rocket  propellants  it  is 
usually  contained  by  60-7ic/c  cf  cxidizer,  15-25o/o  cf  fuel-hond  and 
10-20C/C  of  alumip-um. 

To  a  rubber  of  '  cf  the  mixture  solid  rocket 

propellants  ever  ccl^-iial  ones  they  relate: 

a)  greater  specific  impulse: 

b)  very  low  low  pressure  liait; 

c)  the  wider  permissible  range  c£  initial  temperatures  cf 
charge; 

d)  the  high  density  cf  f uel/prcpellant ; 

e)  large  thermal  stability  and  more  prolonged  permissible  period 
of  storage; 

£)  the  ease  of  fabricaticn  of  fuel  charge  and  bdTT  (possibility 


of  drenching  directly  into  engine  biccic) 
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lr.tc  the  ccapcsiticn  cf  ccllcidal  and  mixtura  solid  rocket 
props  Hants  usually  are  intrccuced  the  additives,  which  oaks  with  the 
possiMc ; 


a)  pressing  charge,  delay/retarding/decelsration  or  the 

accsler -‘•icr.  o:  har  •  charge  (fet  the  :aixture  f  uels/prope  11a  nts) 

and  so  forth  (technologicd 1  additives); 


b)  prolonged  storage  cf  charge  (stabilizers)  ; 


c»  an  increase  to  silt  a  decrease  in  the  velocity  of  burning 
(catalysts  and  the  stabilizers  of  the  speed  of  combustion) ,  etc. 


Composition  and  characteristics  of  some  solid  rocket  prcpellants 
are  giver,  in  Table  16.1. 


Page  291. 


Tab.la  16.1.  Characteristics  of  scite  solid  rocket  propsllar.ts  [2]. 
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Key;  (1).  Type  of  f uel/picpellact .  (2).  colloidal.  (3).  Mixture.  (4) 
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5rar.d  of  fuei/propellant.  (5).  Ercp^llant  c  cm  positicr.  in  o/o  ty  aiass 
(o)  .  ;;i trocellulose .  (7).  Polyurethane  aluainun,  (d)  .  Polybutadiene 

aluniir.ao,  (9).  Mitrcglycerin.  (IC).  Diet  hy  I  phthalate .  (11). 
Dinitrotoluene.  (12).  Additives.  (13).  Stabilizer  and  technological 
additives.  (1U).  kg.  (15).  with.  (16).  and  to  temperature.  (17). 

(I-^;.  N«s.  (19).  <g«?.  (2").  illcwei  valu-s. 

FOOTNJTF  1.  fatp  -  temperature  of  charge  solid  rocket  propellant. 

E MD FOOT  MOTE - 

Page  292, 

§  16.4.  Solid-propellant  grain. 

The  construction/design  cf  sclid-pr cpellant  grain  must  provide: 

a)  filling  of  housing  of  RETT  with  fuel; 

b)  exception/elimination  (as  far  as  possible)  the  contact  of  th 
hot  combustion  products  with  the  walls  of  housing  for  facilitating 
tha  working  conditions  fcr  their; 

c)  the  invariability  of  the  cecmetric  fcrm  of  charge  with  the 
leads,  which  appear  with  the  transport  of  RDTl,  and  also  with  its 


r 
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worh  when  on  charye  act  axial  (tc  15-120  gj)  and  lateral  (1-7,5 
y-forces,  intensive  vibration  in  the  wida  frequency  spsctruai  and  the 
pressure  of  hct  combusticc  prcducts; 

d)  the  smallest  remainders  cf  the  unused  fuel  {toward  the  end  of 

thn  wcr'  --jir.r), 

Thr  j=>cmptric  form  cf  solid-prcpell ant  grain  is  determined  by 
required  nhar.ge-in-thrust  pattern  by  time  and  by  technology  cf  the 
manufacture  of  charge. 

On  the  basis  of  equations  (16.1)  and  (16.3)  the  thrust  cf  RDTT 
for  this  type  of  solid  fuel  under  cendition  Pi,=»const  is  directly 
proportional  to  burning  area. 

Depending  on  character  charges  in  the  burning  area  during  the 
work  of  engine  distinguish  the  following  types  of  charges  (Fig. 

16.  6)  : 

a)  with  the  constant  burning  area  (with  the  neutral  burning) ; 

b)  with  the  increased  burning  area  (with  the  progressive 


burning) ; 
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c)  with  the  decreased  area  cf  ccmoustion  (with  the  degressive 
burning)  ; 

d)  with  the  burning  area,  which  is  changed  according  tc 
prescribed  law. 

Fig,  16,7  depicts  the  graphs  cf  a  change  in  pressurti  Pk  in  thr 
operating  ^-ime  of  engine  during  the  neutral,  degressive  and 
progressiva  burning.  The  same  charges  of  solid  propellent  can  be 
subdivided  into  tha  geonetric  special  features/peculiarities  cf 
burning  surface  into  the  fcllcwirg  types; 

a)  charges  with  the  endburning  (see  Pig,  16.6a)  ; 

b)  charges  with  the  coaprehensive  burning  (see  Fig.  16.6b); 

c)  charges  with  internal  burning  (see  Fig.  16.6c). 

In  charges  with  eadborniog  the  time  of  ccmbusticn  is  determined 
by  the  length  cf  charge,  while  in  charges  with  the  internal  turning 
web  thicknass  (the  wall  thickness  cf  the  cylinder  of  charge) .  The 
surface  of  the  charge  cn  which  oust  not  be  burning,  shield  by  the 
armoring  coating  (inhibitcr) .  Charge  is  wrapped  with  tape  frcm 
inhibitor  or  glued  with  sheets  cf  inhibitor  with  the  aid  cf  the  glue 
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To  preferably  use  charges  whose  inhibitor  does  not  wash  by  tha 
products  of  ccabusticr,  in  particular  case-bcndsd  charges  whcsa  as 
inhibitor  ssrves  a  layer  cf  thermal  insulaticr.  on  the  internal 
surface  of  the  wall  cf  hcusing. 

Page  293. 

Charges  with  and  burring  are  used  in  essence  for  PDTT  with  low 
thrust,  the  long  operatirc  time  ard  tha  fuel/propellant  with  the  low 
energy  characteristics.  Shcrtcouings  in  such  charges  they  are: 

a)  the  large  dry  mass  of  hcusing;  its  walls  undergo  intensive 
heating  with  the.  work  cf  engine;  therefore  it  is  necessary  tc 
increase  their  thickness  for  the  safeguard  of  sufficient  strength; 

b)  the  displacement  of  the  center  of  mass  of  engine  with  the 
burning  of  charge. 

Charges  with  the  cemprehensive  burning  are  used  comparatively 
rarely. 

The  greatest  advantages  possess  the  case-bonded  charges  with  the 
internal  burning.  They  burn  over  the  surface  cf  internal  duct; 
therefore  hot  combusticn  products  dc  not  come  into  contact  with  the 
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walls  of  housing.  Solid  fuel,  as  already  mentioned,  fossesses  the 
very  low  coefficient  cf  theraal  ccnducti vit y.  Therefore  the 
case-bor.ded  charge  prefects  the  walls  of  housing  fren  the  effect  of 
heat  fluxes,  which  makes  it  pcssitle  to  create  prolongedly  operating 
8DTT  without  the  external  flcwirg  ceding. 


I'^r; aernore ,  ^ne  tastenea  cnar'^e.'  -ive  tne 


aJvantarres  in  cor.pari<ion  •■;ith  the  inserted. 


1.  More  effectively  is  used  volume  of  housing,  since  there  are 
no  clearances  between  charge  and  wall  of  housing  and  are  not  requir 
additional  supports  for  charge  (it  is  held  directly  by  walls  cf 
housing)  • 
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Fig.  16.7. 


Fig,  16.6,  Types  of  fuel  charges:  a)  with  constant  burning  area  (with 
endburning)  ;  b)  with  increased  burning  area  (with  coitprehensiwe 
burning)  ;  c)  with  decreased  burning  area  (with  internal  burning) . 


Key:  (1) ,  Armoring  coating. 


Fig,  16.7,  Graphs  of  change  cf  pressure  cf  products  of  combustion  in 
combustion  chamber  in  time  fcr  charges  with  degressive  (1),  neutral 
(2)  and  progressive  (3)  burning. 

Page  294. 


2.  Are  increased  rigidity  and  strength  of  thin-walled  engine 


blocic,  since  charge  supports  housing  during  transport  and  other 
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operations/processes  with  rccket,  and  during  flight  it  is  able  tc 
abscrb  seme  mechanical  leads,  caused  by  ef f ect/acticn  of  linear 
accelerations  and  pressura  cf  ccitusticn  products.  Tharatcre  during 
the  utilizaticn  cf  the  case-tended  charges  the  necessary  wall 
thickness  is  decreased  (in  the  case  cf  applying  high-strength  steel  - 
^-3  im)  ,  which  deerrasss  ths  lass  cf  5DTT. 

3.  Is  simplified  technology  cf  manufacture  of  solid- cre c-allant 
grain  (especially  large-size  charges) . 

4.  Is  decreased  possibility  cf  appearance  of  cracks,  since 
case-bonded  charges,  prepared  directly  with  drenching  into  housing  cf 
aoTT,  are  polymerized  at  low  temperatures  and  possess  plastic 
properties. 

The  example  of  the  case-tcrded  charges  are  the  poured  charges 
with  the  internal  duct  in  the  ferm  cf  the  7-ray  star  (Fig.  16.8), 
vrhlch  ensure  constant  burnin?;  area.  Their  certain  shortconlnr; 
is  the  fact  that  the  end  of  the  burning  there  are  formed  the  _ 
pieces  in  volume  3-5o/o  of  the  total  volume  of  charge  ’'.'hich 
either  do  not  burn  or  they  burn  out  at  the  reduced  pressure, 

’.fhlch  leads  to  the  decrease  of  specific  impulse  of  °D"T. 

Fig.  16.8  depicts  also  ether  charges  with  the  internal  burning: 
a)  with  channel  in  the  form  of  S-tay  star  and  b)  with  four 
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Ictgitudir.al  slots;  they  acs  usually  turned  tc  rn?  side  of  nczzi®; 
the  prssenca  c£  such  slits  pccvides  the  required  lav  c£  burning. 

Between  the  case-bonded  chares  and  the  wall  of  housing  is  placs 
a  layer  of  thermal  insulation.  Eetween  a  layer  of  thermal  insulation 

ar.d  a  charge  it  can  be  placed  layer  of  adhesive  cluster  (:cr 
synthetic  resin),  which  fastens  them  between  themselves. 

Charge,  layer  of  thermal  insulation,  layer  of  adhesive  cluster 
and  wall  of  housing  must  he  reliable  connect/ joined  together.  The 
presence  of  laminations  on  the  boundaries  (for  example,  due  to  the 
oscillation/vibration  of  temperature  at  the  prolonged  storage)  can 
lead  to  the  emergency  of  engine  in  the  process  of  its  wcrlc. 

Difficulties  presents  the  drenching  cf  the  case-bonded  charges 
without  the  formation  cf  air  cavities  in  them;  as  crack,  they  are  nc 
admitted,  since  they  lead  tc  an  increase  in  the  burning  area,  which 
can  cause  the  decomposition  cf  engine. 
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rays/fc&aas  cf  slot  fcra:  c)  charga  with  tr.-  ir.:-::ral  j  j  and  four 
lcr.gitu4ir.al  slcts  cr.  th*  cart  cf  the  l<?r.  jth  ci  crerg«:  ^  -  Insert 
froT  the  irert  material  (team  plastic). 


Page  29S. 

For  simplif icatior.  in  technolcgy  of  manufacture,  contrcl/chacic, 
transport,  storage  of  larce-size  charges  and  reducticn  in  the 
ccst/value  cf  the  manufacture  cf  large/coarse  SDTT  are  used  sscticral 
fuel  charges. 

Sacticnal  charge  (Fig.  16.9)  censists  of  several  consecutive 
parts  (sections)  of  housing  with  the  fastened  fuel  charges,  which 
have  internal  duct. 

BDTT  they  assemble  from  the  sections  on  the  starting  or 
intermediate  positions  cf  secticc  they  connect  between  themselves 
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with  tha  aid  cf  the  detachable  {fct  etaapls,  flanged)  or  periranant 
(welded)  joint.  Welded  joint  frcvides  the  best  airtightness  and 
smaller  mass  of  SOTT,  than  flanged,  but  are  produced  the  specific 
inconveniences  with  the  assemblj  cf  BDTT  on  the  launching  site. 

Tn  ’  advantaje  cf  secticnal  charj<=-s  consists  aisc  cf  nhe  fact 
that,  naving  one  standard  type  cf  sections,  it  is  possible,  using 
their  different  quantity,  tc  cttair  th*se  or  ether  values  of  thrust 
and  eperating  time  of  engine  (i.e.  tc  change  the  total  impulse  of 
thrust  of  BDTT  over  wide  limits)  . 

iQ  order  to  decrease  the  difficulties,  which  appear  during  the 
manufacture  of  large  fuel  charges,  and  to  exclude  stress 
concentration  in  the  sharp  angles  cf  charges,  are  used  segmental  fuel 
charges  (Fig.  16.10).  They  consist  cf  several  segments  which  are 
divided  frem  each  other  cn  the  surfaces  of  contact  with  the  layer,  an 
employee  by  the  simultaoecusly  aixccing  ccating  and  by  the  resilient 


spacer 
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Fig,  16.9.  Fig.  16.10. 


Fig.  16,9.  RDTT  with  sectional  charge:  1  -  flange  joint;  2  - 
cowfr/cap  cf  nozzle  of  ccuntert hrcst  with  explosive  device;  3  - 
section  cf  charge  with  upper  fccttcu,  4  -  aiddle  sections  cf  charge 
with  sections  cf  housing:  5  -  section  of  charge  with  back  plate  and 
nozzle. 

Fig.  16.10.  Segmental  fuel  charge:  1  -  segmental  grain:  2  -  armoring 
coating. 

Page  296. 

with  the  constant  section  cf  the  internal  duct  cf  fuel  charge 
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tae  rate  ot  coiuusticn  i;rcdLicts  in  fcoporticn  to 
apprcxinaticn/at preach  tc  a  nozzle,  as  alroaly  vas  indicated, 
increases,  which  car.  lead  to  the  ercsicn  ci  ca.nal  surface.  Fcr  *h? 
exception/e  limination  of  the  phenciencn  indicated  the  chan.nel  car  be 
pcrfortied  by  conical,  with  the  exparsicn  to  thp  nczzle. 


fcr  a  ccr. 

si  do  r a 

bif 

|tc 

3  tiaps  anJ 

3  00  =  J  O'.  Or;aSO  T.  rat=  CI 

cembustion  of 

solid 

fue  1 

i  - 

is  tessib 

t  c  use  a  u  .a  i  f  o  r 

arra  r  ge  se  rt/pcsi  tior  cf  short  heat  ccriurtirg  wires  fret,  copter, 
aluminua,  silver,  aagnesiuni  ci  tungsten  on  the  volusie  of  fuel  charge. 
During  the  arrangement/pcsiticr.  cf  the  wires  indicateo  perpendicular 
to  burning  surface  the  rate  cf  ccabustion  is 

apprcximately/exemplarily  twe  times  more  than  during  th.oir  parallel 
arrange a ant/ position. 

Into  tne  fuel  charge  it  is  possible  to  build  in  long 
longitudinal  wires  and  different  wire  constructions,  in  this  case  is 
increased  not  only  rate  cf  ccsbcsticn  of  solid  fuel,  but  alsc  the 
mechanical  strength  of  fuel  charge.  The  utilization  of  metals  in  the 
solid  roexet  propellants  complicates  the  resolution  cf  the  problem  of 
the  protection  of  the  walls  cf  engine  from  the  increased  heat  fluxes 
and  the  errosive  effect  cf  prcdccts  cf  cembustion,  which  contain  the 
condensed  particles. 
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The  dstermination  cf  gecmetric  diic^nsions  and  fcrm  ct  charge  cf 
aOTT  precedes  the  thermcdy canic  calcularicn  which  in  many  respects  is 
analcgous  tc  th?  ccrrespccding  calculation  of  ZhPD,  but  it  is 
noticeably  acre  complex  it;  this  is  explained  by  tne  mere  ccnplex 
compesition  cf  the  products  cf  cemhustion  of  charge  cf  RDTT,  which 
certain  nor^rcvor,  condensed  rhas-. 


As  a  result  of  thericavna^lc  calculation  is  d"“termir. ed  the 


specific  impulse  of  PDTT  in  vacuum  /,a.n,  after  which  from 
prescribed/assigned  value  it  is  possible  tc  find  fuel  consumption 


per  second 


The  total  necessary  guantity  cf  fuel/propellant  mt  is  equal 

'n^=mx, 

where  r  -  prescribed/assigned  operating  time  cf  engine. 


Kost  simply  is  designed  the  turning  area  of  end  type  fuel  charge 
(it  is  constant  during  entire  operating  time  cf  RCTT) 


and  its  length 
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For  the  fuel  charge  ^«ith  the  irternal  duct  it  is  necessary  to 
calculate  its  initial  fcia  anc  area  cf  cress  section  /Kan.  and  also 
the  length  of  charge  ^aap.  -.hich  determine  primary  surface  cf  the 
burning 

%'eh  thickness  cf  change,  vhich  ensures  the  cn^scrice  i/assigned 
operating  tine  cf  engine, 

Greatast  difficulty  presents  calculation  of  rate  of  comtustion  n 
(see  §  16.2),  especially  if  in  the  process  of  burning  area  s  and, 
therefore,  values  m  and  Pk  change. 

With  volume  and  mass  cf  fuel  charge  are  connected  the  following 
characteristics  of  RDTT. 

1.  Solidity/leading  factor  cf  FDTT,  equal  to  ratio  of  volume  of 
fuel  charge  V^p  to  comtustion  chanter  volume  W. 


This  coefficient  depends  cr  ferm  and  type  of  charge  and  is  equal 

to: 

a)  0.8-0.97  -  for  the  charges  with  the  endburning; 


b)  0.8  -  for  the  deposit  charge'^  with  the  internal  burning; 
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c)  0/9  -  fcr 


.  j,  -  —  - 


w  i  t  .T  h  o  i  r  '  r 


2.  Coefficient  of  mass  cf  rPTT,  which  is  ratio  of  mass  cf 
f ual/propellant  to  mass  cf  encine: 


equal  ro  ap proxi mat e  1  v/e xe mp la r  il  y  0.7S,  an.l  for  "OTT  with 
case-bonded  charge  -0.8  -  0.95.  Value  Km  incr eases/ j rows  during  th“ 
ati lizaticr.  cf  materials  with  the  high  sp'-cific  strength,  with  an 
increase  in  mass  coefficient  cf  ?CTT  simultaneously  increases/grows 
relation  /tit/w.,,  of  rocket  vehicle  (rocket  ste  p/stage )  and  , 
consequently,  also  its  characteristic  velccity. 

<1  16,5.  Comparative  characteristic  5DTT  and  Zbao. 

The  type  of  engine  (HDTT  or  ZhFD)  fcr  each  ccncrete  rocket 
vehicle  can  te  selected  cn  the  characteristic  velccity,  in  this  case 
must  be  taken  into  consideration  the  special  features/peculiarities 
of  both  RDTT  and  ZhRD. 

To  a  number  of  basic  special  features/peculiarities  of  RDTT  due 


tc  which  in  a  number  of  cases  by  it  is  givsn  up  the  preference  over 
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ii'.S.D,  r-‘ii’’e  the  follcwirg. 

1.  SLr  tlw;!:  coil s tr lie t ion  .  However,  it  is  necessary  tc  ncte  that 
in  prcpcrtj.cr.  tc  parfecticn  cf  FCTT  it  gradually  hecemes  co nr p licated . 


2.  Sinaller  ccst/value  and  sherter  tias  cf  develccsent, 
especially  large/coarse  ECTT.  with  increase  in  the  complexity  and 
transition/transfer  to  the  acre  effective  solid  f usls/propellants  the 
advantage  cf  EDIT  indicated  over  2bEC  becomes  less  noticeable, 

3.  Large  reliability,  explained,  first  of  all,  by  simplicity  of 
constructicn/design. 

The  engine  installation,  which  consists  of 
several  EDIT,  to  more  simply  create,  and  it  tc  a  certain  extent  more 
reliable  than  the  installation,  which  consists  of  several  ZhRD,  since 
each  solid  propellant  engine  in  DO  is  independent  variable. 

4.  High  density  of  solid  fuel,  especially  in  comparison  with 
liquid  propellants  in  which  as  fuels  serves  liquid  hydroqen.  Usually 
the  starting  mass  of  step/stage  with  FDTT  more  than  with  ZhPC,  but 
its  overall  dimensions  is  less  than  for  the  step/stage  with  ZhRD.  The 
high  density  cf  solid  fuel  partly  compensates  main  disadvantage  cf 
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HDTT  in  comparison  with  2hRD  -  relatively  lew  specific  impulse. 

5.  Simpler  starting/launching,  especially  under  low-pressure 
conditions  and  all  the  mere  sc  in  vacuum  (in  cuter  space) ,  and  sc 
under  conditions  of  weightlessness.  In  particular,  fer  the 
starting/launching  of  RCn  under  the  conditions  indicated  is  not 
required  the  ersatiers  cf  artificial  accalar ation. 

6.  Large  simplicity  and  safety  of  operation.  For  the  launching 
of  rocicet  PDTT  is  required  a  less  complex  launcher  and  a  smaller 
quantity  of  service  perscnnel,  than  for  the  launching  of  rockets  with 
ZhRD.  On  the  surface  and  sufcnerced  teats  of  rccket  BCTT  to  employ 
more  safely  than  rocket  with  ZhBC.  The  explosiveness  (among  ether 
things  explosiveness  from  the  detonation)  of  many  solid  fuels  is 
relatively  lew,  while  fer  the  ser ies/number  cf  liquid  propellant 
components  it  significant.  The  toxicity  cf  solid  fuels  weak,  and  many 
liquid  propellant  components  are  tcxic.  Curing  the  operation  cf 
rockets  RDTT  in  contrast  to  the  rcckets  with  ZhRD  dees  not  appear  the 
problems,  connected  with  the  vaperixation  of  propellant  components. 

7.  Relative  simplicity  of  storage,  including  under  conditions  of 
outer  space.  Solid  fuel  barely  exerts  effect  cn  the  metals,  while 
cryogenic  liquid  propellant  cempenents  add  to  metals  brittleness,  but 
the  secies/n umber  of  liquid  propellant  components  causes  the  severe 
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corrosion  of  many  aetals,  \ 

Nevertheless  the  wide  application  of  3DTT  is  signi  f  ican^- ly 
impeded  by  their  following  special  f eatu res/peculiarities  (in 
comparison  with  ZhRD). 

1.  Noticeably  scalier  specific  impulse.  However,  in  prcpcrtion 
to  the  development  of  mere  effective  solid  fuels  the  specific  impulse 
of  RDTT  increases/grows. 

2.  Substantially  smaller  pcssibilities  of  changing  in  thrust  and 
repeated  or  multiplying  cf  engine. 

Page  299. 

This  special  feature/peculiarity  cf  RDTT  is  explained,  in  particular, 
by  the  great  difficulty  cf  chancing  the  flow  rate  per  second  of  the 
combustion  products  of  solid  fuel.  Furthermore,  with  a 
reduction/descent  in  their  cembostien  pressure,  as  has  already  been 
indicated,  becomes  unstable,  but  at  lew  pressures  solid  fuel  can  not 
at  all  burn. 

3.  Smaller  resource/lifetime  cf  work.  Usually  it  does  not  exceed 
150  s,  especially  for  RDTT  of  high  thrust,  that  use  high-energy  solid 
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fuels,  due  to  the  difficulties  cf  the  pcctection  of  r.czzis  liners 
frcs  toft  flux“s. 

4.  Dcpendsr.cp-  of  characteristics  on  ambient  conditions, 

especially  on  ambient  teirperature,  fchich  determines  temperature  of 
iu?-l  c-'.rr".  "Th-r'icr*  rari'ccirs  cf  22 ZZ  (“r^ssur'^  uni 

tr.rus':;  car  rc  cured  .itn  tr.<  th":'  lar-ja  spread  of  values  in 
comparison  with  ZhPD  (see  §  16,2).  The  temperature  range  in  which 
RDTT  reliably  works,  is  less  than  fer  ZhRD.  In  ZhRD  the  ambient 
temperature  affects  in  tsser.ee  the  density  of  liquid  propellant 
components,  but  this  effect  can  be  cempa ratively  easily  considered. 

5.  High  cost  of  solid  fuel  (in  comparison  with  usual  liquid 
propellants;  by  liquid  cxygen,  kercsene,  etc.).  For  manufacturing  the 
fuel  charges  (special  of  large  ones)  are  required  powerful/thick 
plants.  It  should  be  pointed  cut  that  the  cost  of  solid  fuels  has  a 
tendency  toward  the  reducticn/descect,  and  high-energy  liquid 
propellants  (fluorine,  hydrogen,  etc.)  are  sufficiently  expensive  and 
almost  inaccessible. 

6.  Difficulty  of  transpert  cf  completely  equipped  roclcets  of 
RDTT  (especially  large  rccliets)  .  {icwever,  is  possible  servicing 
rockets  cf  RDTT  with  solid  fuel  on  the  spot  of  start  (for  space  and 
other  used  for  the  peaceful  purposes  rockets)  or  comparitively  net 
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far  frc.r.  the  places  of  utilization  of  ?DTT  (on  the  inter cehiats 
bases)  . 

9  16.6.  Special  features/peculiarities  cf  the  protection  of  walls 
RDTT  from  the  heat  fluxes. 


re-  r.crzl--  lir.ers  ari  bette?  cf  the  housing  fr  e-ju  i t  Iv  ar^ 
prctectsd  frcai  the  heat  fluxes  with  the  aid  of  tr..-  aclation  cooling, 
and  in  the  area  of  the  threat  irstaJl  nozzla  insert/bushing  cf 
graphite.  Greater  thermal  and  erresive  resistance  possess  the 
inserts/bushings,  prepared  trem  the  high --taaiperat are  (strength) 
materials:  molybdenum,  tungsten,  etc. 

Effective  is  the  following  laminated  constr ucticn/desigr  of 
nozzle  liners  of  PDTT  (Fig.  16.11).  Metallic  power  wall  6  is  covered 
with  from  within  several  layers  ficii  different  materials.  The 
greatest  thickness  has  a  layer  of  pyrclytic  graphite  (py regraphite) 
3,  which  possesses  the  significart  anisotropy  of  the  properties; 
thermal  conductivity  in  ere  directicn  is  close  to  the  thermal 
conductivity  cf  copper;  in  the  perpendicular  directicn  the 
pyrographite  is  virtually  non-heat-conductive. 
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This  property  of  it  makes  it  possible  to  abstract/rsiacve  haat  flaxes 
from  the  area  of  critical  cross  section  to  the  less  heat-stressed 
sections  of  nozzle.  A  layer  cf  pyrcgraphite  is  the  base  layer,  which 
absorbs  heat  fluxes. 

To  the  pyrcgraphite  will  be  hrcught  in  thin  theraorasis+ar.t 
layer  1  cf  the  tungsten  which  siaultansously  shields  pyrcgraphite 
from  the  errosive  effect  cf  ccmtusticn  products.  Between  a  layer  cf 
tungsten  and  the  pyrcgraphite  is  placed  interlayer  2,  which  prevents 
the  diffusion  of  carbon  into  a  layer  of  tungsten  and 
reduction/descent  in  its  mechanical  properties. 

A  metallic  wall  and  a  layer  cf  pyrographita  are  divided  between 
themselves  with  a  layer  of  plastic  5  and  with  a  layer  of  ceramic 
insulation  4.  The  vaporization  cf  plastic  and  other  physicochemical 
processes  in  it  absorb  certain  part  of  the  heat  fluxes.  Ceramic 
insulation  decreases  the  heat  fluxes  intc  a  layer  of  plastic. 

§  16.7.  Special  features/peculiarities  of  systems  RDTT. 

Ignition  system  of  fuel  charge.  For  inflaming  the  fuel  charge  it 
is  necessary  to  warm  thcicughly  surface  layer  to  a  temperature  at 
which  begin  the  processes  of  deccapcsition,  inflammation  and 
combustion  of  fuel/propellant,  and  to  also  create  in  the  combustion 
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chambar  th€=  ^ressura,  at  hhich  fuel  charg-c:  stable  burns.  Igr.iticn 
system  must  provide  the  sufficiertly  short  ar.i  stably  r?  producible 
ignition  delay  cf  fuel  charge  (usually  5-45  ms)  and  sliminate 
overshoot  of  the  pressure  of  combustion  products  during  engine 
starting. 


In  RDTT  is  used  the  pyrctechric,  pyrogtnic  and  hypergolic 
ignition  of  fuel  charge.  The  eleiterts  of  ignition  system  are 
assembled  in  the  front/leading  tcttcm  or  they  install  in  the 
silencer/plug  of  nozzle. 

Cartridge  ignition  is  produced  by  the  pinwheel  igniter  which 
operates/wears  from  electric  fuse  with  the  bridge  of  incandescence  or 
with  the  exploding  wire  bridge. 
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:r:  1  -  :r;ncr?siotir.t  id}6r  cf  tur.  js  t-.“  ;  2  -  in*,  erl  e  y  ;r  :  ;  - 

lay-^r  of  py  rocra  phit«  ;  4  -  lay^r  cf  c'?ra.Tiic  thfiraal  ins  j  la-;: :  c  n ;  5  - 
layer  of  plastic;  6  -  external  cczzla  lin-rt. 

Pa^e  301. 

In  the  system  of  pyrogenic  igniticn  is  used  ignition  of  TGG,  which  is 
actually  the  sclid-prcFollant  rccket  sngins  cf  relatively  lew 
sizes/dimensiens.  The  hycergolic  ignition  of  fuel  charge  is 
accoirplished/reali'zed  ty  supplying  the  startirg/launching  liguid  or 
gaseous  oxidizer  (CIF3,  ECF5,  etc.),  which  ignites  spontaneously  with 
the  contact  with  the  grain  surface. 

System  of  a  change  in  the  thrust.  Before  examining  tha  irethods 
of  changing  the  thrust,  let  us  rcte  that  even 
retention/preser vaticn/maintaining  cf  the  invariable  mode  cf 
operation  of  RDTT  presents  difficulties  in  connection  with  the 
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dc  ci.  oi  Cat--  cctbustior  cf  solid  roo^<  =  t  Lrij-Tllar.t  c :. 

or'  s?ur  ?  ■'’>  :c-  :  5  ’  6,  2)  . 

The  invariable  nicde  cf  c[.etaticn  of  RDTT  can  be  maintained  cnly, 
if  with  the  frobable  deviaticrs  cf  fressura  p*  frctp  the  ncminal 
vil  -  a  r^o'.l*  r  '  ~  :  TCt  1  r.  i/.a  ct :  r. :  or.^  or  t.,e  ot.Tr  f-.'--ors, 

^rosscre  p*  ajain  is  roiuc  =  .:,  i.e.,  P:. h.  that  io  is  -:ssible  tc 

achieve,  if  v<I.  curve  2  (Fig.  16.12)  characteriz es  the  flew  cf  the 

gases,  which  are  generated  with  ccstusticn  of  solid  rocKet  rropellant 
(i^) ,  while  curve  1  -  flew  cf  the  gases,  which  escape  behind  nozzle 
(fflj).  The  invariable  mode  of  cperation  of  BDTT  is  provided  under 
condition  mi^aj  ooreever  flow  rate  mg  it  is  determined  according  to 
aquation  (16.1),  and  flew  rate  -  according  to  equation  (16.2). 

•  • 

with  m,>m2  or  mgCoii  is  disturbed  the  state  cf  the  equilibrium 
between  the  flow  cf  the  gases,  which  are  generated  in  the  conbustion 
chamber  and  which  escape  from  it,  £®r  example,  with  an  accidental 

increase  in  pressure  PK(PiLa>P».m)n).  as  can  be  seen  frem  Fig.  16.12, 

0  • 

will  cccur  relaticr.ship/ratic  which  will  lead  to  reduction 

Pk  ( Pn.3~*'PK.nof  )  • 

Analogous  ones  by  considerations  it  is  possible  to  show  that 
under  condition  v>l  the  ir.variatility  of  the  node  cf  operation  of 
BDTT  becomes  impossible  (see  Fig.  16.12). 
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A  charge  in  th<^  thrust  ct  FCTT  in  t  h-  j  -i-.  il.  : 

systeip  cf  ccntrcl  cf  rccK€t  vehicle  tc  a  cor.  s  1 1- r  1  - 
hindered/ha ai f€red  (s€«  ?  16.4).  Th»t«forfe  ise  t.-i?  reviou.sly 
selective  (prograoBed)  stepped  cr  smooth  change  the  thrusts 
r.ecfssary  *■  c  corsiier  th«>  «rr«<ic,  srccific  .:  ■>  '  .1 


[  It  is 
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Fi^.  Ir».i2.  Graphs  1  -  flc»«  late  of  the  combastion  prcducts, 

w-i'r  .'sr-j'-p  r  .  rr:?3’.-‘  ,  -  •  .  ^  i 

products,  wr.icr.  are  >g«^rerat3.i  -'tr.  cc'-^sticr.  ,  -...i*.  or.  ;er‘."r2rto 
with  ♦•'.e  romfcastion  cf  fclr.i  LC  Kft  :r''  ®llan'-  ir.’.ex  '  - 

flow  ri*e  cf  tne  coitbuEticr.  L-rcc’ictc,  woicr.  ar^  w;*-b 

cc»fcu£ticr\  of  solid  rcck€t  ptcfEllart  wrtr.  ir.isx  '  • 

Page  302. 

Thrust  can  be  changed,  selecting  one  or  tne  other  gecaetric  rcra 
of  the  fuel  charge  (see  §  lo. cr  using  comp csite/ccapour.i  charges, 
i.a.,  the  charges  whese  individual  parts  (layers)  are  prepared  fret 
the  f u“ Is/prcpellaats  with  dirferent  rat?  of  coacusticn.  For  sxaaplc, 
in  the  conposite/coapeund  charge  with  the  internal  burning  it  is 
possible  internal  and  skins  tc  prepare  frea  the  fuels/propellants 
with  different  speed  of  turninc,  which  gives  the  excess  of  thrust  cf 
HDTT  in  the  starting  acde/conditicts  five-ten  tiaes  in  ecaparisen 
with  the  thrust  under  operating  ccr ditions. 
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5/i-rr  Oil  cc>-'f.ticn  ci  control  fcrcc-s.  Fci  ::i.5  criaticr.  of 

,7cr. trcl  5rrcG£  Ir  ?CTT  ir  =s£6r. C9  u£9  rCw?.rv  cr  r.C27l'rS^  sr. 3 

al^o  li';nic  ir.jcctior.  etc.)  into  th»  a.<';anuir.g  s*=-cticr  of 

nozzle . 


c'  '  isr  cr" .  'r  f--  ca o-  c:  L‘~  ;  '  :-c 

r.  r.  aV9  O4'.  a  iavstcai  cr  crwccnr^ctrcn^  in  n.iCo  oria  'ingrr-':  vcrnc 

until  burns  down  aiscst  entire  fuel  charge.  Disconnection  of  ?DT?  at 
the  required  ncir.ent  of  time  is  achieved  by  a  sharp  increase  in  the 
area  of  th?  openings/apjertures,  through  which  occurs  the  cutflow  of 
ccjibustion  products,  i.  e.  ,  critical  cross  section.  For  this  purpose 
are  opened/disclosed  the  additicnal  nozzles  (are  jettisoned  their 
ccvers/caps,  for  example  with  the  aid  of  the  blasting  cord)  cr  basic 
nozzle  is  disengaged  heusing, 

with  a  sharp  increase  in  the  area  of  critical  cress  section  ars 
decreased  the  pressure  cf  cemtustier  products  and  heat  fluxes  from 
them  tc  the  burning  surface,  as  a  result  of  which  are  disturbed  the 
conditions  of  the  course  cf  the  reaction  of  burning. 

If  additicnal  nozzles  are  placed  on  the  front/leading  hettom, 
then  during  their  opening  is  created  ecu nte rt hrust,  which  can  be  used 
fer  the  department/separation  cf  the  mastered  rochet  step/stage  from 
the  upper  stages;  engine  it  will  net  produce  further  increase  in  the 
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rdt£  cf  rcck.?t,  in  ^pin-  of  ^'r.<  fact  nhat  it  still  ccoiplet^lv  was  p.r. 
turr.sd  off  (it  continues  to  create  certain  thrust).  For  this  it  is 
necessary  s i aulr aneo usi y  with  the  delivery  of  tne  command  to  the 
ergire  cutoff  to  tear  its  mechariical  tends  with  tne  upper  stag®  cr 
the  rose  section. 


In  crier  to  decrease  t..  '  reiainders  cf  t^.a  ur.ussd  fuel  and  tc 
reiure  the  ti-te  of  drop  cf  thrust  cf  SDTT  with  the  charge,  which  has 
channel  in  the  fern  cf  star  with  the  fact  cr  another  nunber  cf 
rays/fceaas,  are  used  the  reds  cf  the  inert  naterial  with  the  low 
density  (for  example,  ream  plastic) which  place  on  the  periphery  of 
the  charge  (see  Fig.  16, 8t). 

§  16.8.  Stability  of  the  icde  cf  eperatien  FDIT. 

During  the  adjustment  cf  sclid-propellant  rcchet  engine  can  be 
revealed  the  instability  cf  the  operating  mode,  which  leads  tc  its 
decomposition  or  to  the  iradmissitly  large  vibrations  of  engine  and 
rocket  vehicle  as  a  whole. 

Depending  on  whether  does  correspond  the  freguency  of  pressure 
Px  tc  the  acoustic  inodes  cf  the  ccirtustion  chamber  volume  or  not,  is 
distinguished  accustic  and  ncnaccustical  instability  [10]. 
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Page  303. 

N'cnaco ustical  instahililiy  is  charact -r '=■ :  cy  rhe  fact  that  its 
frequencies  are  considerably  Icvier  than  the  acoustic  niodes.  The 
instability  indicated  is  observed  lihen  the  ratio  of  the  free  (not 
occu:^'i?d  with  fuel  charge)  ccrr  usti-'':-.  -'ra-.'-r  r  ^  h - 

throat  area  /„p  is  less  than  certain,  critical  value,  hcnaccusticai 
instability  is  observed  in  essence  in  the  .jcail  ?DTT;  it  is  pcssible 
tc  avcid  it,  respectively  increasing  ralaticn  IVcb/kp. 

Acoustic  instability  is  explained  by  the  presence  of  the  time 
between  moments  of  the  effect  of  pressure  wave  on  the  grain  surface 
of  solid  rocket  propellant  and  by  the  moment/torque  of  an  increase  in 
the  flow  rate  of  comtusticn  prccccts  (delay). 

The  source  of  the  energy,  which  feeds  oscillaticns  of  the  volume 
of  ccmbustion  products  in  the  ccitustion  chamber,  is  the  heat,  which 
is  isolated  in  the  process  of  burning  of  solid  rocket  propellant. 

Acoustic  instability  can  appear  both  when  the  external  (with 
respect  to  the  process  of  burning)  impulse/momentum/pulse  of 
disturbance/perturbation  is  present  and  in  its  absence  (intrachamber 
instability) . 
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An  exapplir  of  acoustic  iiistahility  uith  the  external 
iipulsa/aonentua/pu Iss  cf  iisturhance/pe rturbaticn  is  the 
iengitudina  1  ir.s^ar  ilit  y ,  caused  ty  abrupt  chanje  in  pressure  ^  This 
change  ran  appear,  fer  exaitple,  at  the  mcment  of  the  passage  cf  the 
separated  part  of  the  heat  shield  cr  igniter  through  the  critical 


cress  socti 

c  r.  [  . :  r  h 

♦■Vo  ♦  V,  ^  ^  ^ 

c  f  j.  'n  i t  r  h  ^  h  i  r.  i 

th=  ncz7. '  =>  .  The 

instabi lity 

indicat 

^d  is  ctserved 

1.  n  r^S3?ric^  ^ *•*'5 

large  ratios  of 

the  length 

c  f  the  f 

ree  ccjtusticr 

chamber  volume  , 

-  to  its  diameter 

ds-.c*.  namely  in  relation  h- .-b>  10  and  for  the  mixture  of  solid 
rcckst  propellants,  which  centain  in  their  ccipositicn  aluminum. 

Any  measure,  directed  toward  the  exception/eliminaticn  cf  the 
possibility  of  an  abrupt  change  in  pressure  Pk  or  on  its  decrease, 
contributes  to  an  increase  in  the  stability  of  RDIT.  The  same  target 
it  is  possible  to  achieve  ty  decreasing  cf  pressure  or  change  in 
the  composition  of  solid  rccket  propellant,  which  leads  to  an 
increase  in  the  rate  of  its  hurnirg. 


Intrachamber  acoustic  instability  is  characterized  by  a  gradual 
increase  in  the  amplitude  cf  fluctuations  of  pressure  Pr  frcir  very 
low  ones  to  the  inadmissikly  high  values,  moreover  in  essence  are 
observed  purely  the  tangential  cr  longitudinal  oscillations  cf  the 
first  mode.  This  instability  is  produced  by  synchronism  of 
fluctuations  of  pressure  Pk  with  the  oscillations/vibrations  of  the 
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riow  rate  ci  ccmaustior.  prcducts  ard  is  detsraiined  i.  ^  the  character 
or  processes  ir.  the  cc:nt ustic r.  2cre  and  by  the  tir.8  or  the  course  of 
the  ccr responding  reactions. 

For  the  except icn/eliminaticn  of  acoustic  instability  is 

sc^ssa ry  excess  cf  tre  losses  of  the  accjstic  -nercv  above  its 

influx,  called  by  the.  process  or  burning. 

The  losses  cf  acoustic  emgy  are  determined  by  damping 
(absorbing  energy)  properties  cf  the  products  of  combustion  and  free 
combustion  chamber  vcluice. 

Page  304, 

The  damping  properties  possess  only  the  products  of  the  combustion  of 
the  solid  rocket  propellants  ccrtaining  metal,  having  in  their 
composition  condensed  particles. 

All  rigid  surfaces,  %ith  which  contact  the  combustion  products 
(surface  of  fuel  charge,  the  surface  cf  front/leading  and  back  plate) 
also  possess  the  damping  properties  to  a  certain  degree.  The 
properties  of  the  surface  of  fuel  charge  indicated  are  improved  with 
an  increase  in  its  elasticity,  ihe  same  purpose  serves  the  setting  up 
of  antir*»sctiant  rings  or  disks  with  the  openings/apertures  cf  one  or 
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the  other  form  in  noth  icttoras,  an:  also  the  settinj  of 
antircsorar.t  porous  rcls  in  the  central  channel  of  charge;  in  than 
occurs  the  aoscrption  ci  accustlc  energy. 


Tailing  measures  indicated 

r*  •*)  *  1  g  •  ^  r*  .  ^  C  C  T  ^  ^  r"  '  *  ^  ' 

pro  pe  liar. t,  it  is  possihia  tc 
operation  c  f  ?DTT. 


atcve,  including  changing  the 

r  arc  composition  of  solid  rcci?t 


aist  the  stability  of  the  mode  of 


§  16,9.  .^ain  trends  of  perfection  cf  RDTT. 

Effectiveness  of  EDIT  to  the  high  degree  depends  on  the  type  of 
solid  fuel.  Therefore  special  attention  is  paid  to  the  creation  of 
high-enargy  solid  fuels. 

Conteaporary  solid  rccket  propellants,  on  foreign  specialists' 
views,  possess  comparatively  low  rate  of  combustion,  and  their 
characteristics  to  a  strong  degree  depend  on  ambient  temperature.  3y 
selecting  the  compositicn  of  solid  rocket  propellant  and  technology 
cf  its  manufacture  they  attempt  tc  obtain  high-energy 
fuels/propellants  with  a  good  reproducibility  of  mechanical 
properties,  the  lowered/teduced  sersitivity  tc  the  temperature  and 
the  moisture,  by  resistivity  tc  aging,  by  the  wide  speed  range  of 
burring  and  by  the  increased  allowed  values  of  axial  and  transverse 
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accelerations. 

Ar.alcgcus  with  f u-'r  l£/rrct;*llar.ts  cf  ZhRD  the  premising  oxidizers 
of  mixturo  solid  rocket  propellants  are  the  fluorine-bearing 
compounds.  A  number  of  high-energy  fuels  includes  the  fuels  into 

Tolr-cul?  cf  which  or  carher,  i?  i r.tro  3 uc-- d  'r.czzr.  or  ai’iminuT,. 

The  decrease  of  the  mass  cf  ccnstr'ict.lon/df.si  gn  of  RETT  is 
achieved  by  reduction  cf  pressure  p„,  during  the  utilization  cf  the 
case-bonded  charges  with  the  internal  burning,  by  applying  new 
technology  of  the  manufacture  cf  housing  and  nozzle  (for  exairple,  by 
coating  of  metal  on  the  fuel  charge  electrolytically ) ,  and  also  by 
the  use/application  of  materials  kith  the  high  specific  strength: 
titanate  and  aluminum  alloys  and  glass- fiber- reinforced  plastics.  To 
the  promising  materials  for  the  housings  cf  RBTT  relate  the 
glass-fiber-reinforced  plastics,  reinforced  by  fibers  on  the  basis  of 
boron,  tungsten,  carbon  and  beryllium. 

For  changing  the  thrust  cf  FDTT  without  an  essential 
deterioration  in  its  characteristics  it  is  possible  to  use  the 
following  methods. 

Page  305. 


i 


31009005 


PAG; 


zee  = 

1.  Change  in  throat  area  by  displacing  inner  body  along 
axis/axle  ci  ncczla  cr  by  supplying  wcr<ing  niF.diuir./prcpellar.t  (liquid 
or  gas)  in*o  critical  cress  section  through  annular  slot  cr  telt/zone 
of  openings/apertures.  Gas  for  this  purpose  can  be  selected/tahen 
from  the  combustion  chamber.  Th«  utilization  of  the  methods  indicated 
hinder?  by  the  se’f're  cerditiers  for  tho  worx  of  inner  .ody  and  by 
the  relatively  low  value  cf  a  change  in  the  thrust  in  the  casa  of  th<^ 
in put/i r. tr<~d uction  cf  werhing  mediuir/propellart  into  the  critical 
cress  secticn. 

2.  Inp ut/introducticn  of  che*ically  active  liquid  [Fg,  CFgi 
CIF3,  CIF5,  N204,  etc.),  which  ignites  spontaneously  with  solid  fuel. 
Changing  fluid  flew  rate,  it  is  possible  to  change  the  engine  thrust 
in  the  relation  fron  20:1  to  50:1.  Strictly  spea/cing,  this  engine  is 
no  longer  solid  propellant  engine,  tut  occupies  the  intermediate 
position  between  rdtt  and  HDGT,  differing  from  the  latter  in  terms  cf 
the  fact  that  tha  liquid  (liquid  ccirponent)  dees  not  exert  e 
substantial  influence  on  rate  cf  combustion  cf  solid  rcchet 
propellant;  furthermore,  the  eccines  indicated  ar*»  distinguished  by 
the  ratio  of  the  flow  rate  of  liquid  component  to  the  flow  rate  of 
the  combustion  products  cf  fuel  charge;  it  fet  RDTT  with  the  liquid 
component  is  equal  to  C.5-0.6  and  for  RDGT  -  2-5.  In  RDTT  with  liquid 
componant  is  simplified  the  problem  of  the  coding:  using  external 
flowing  coding,  it  is  possible  to  use  high-energy  solid  rocket 
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propellants  and  ruel  cr.at'jes  -.ith  the  endourninj. 

з.  Change  in  rate  cf  comtusticr.  of  solid  rochet  propellant  by 
changing  in  its  temperature  ct  tlcwcut  cf  burning  surface  by 
additional  gas.  The  temperatures  cf  charge  it  is  possible  to  change 

via  r.sni  ssic  r.  cf  ccld  li'vi.'  ^.cn  ccirbusricr.  rrccuccs 

through  the  tunes,  ur.ilctily  arranceJ/lcccited  in  the  charge. 

и.  Increase  in  burning  area  cf  charge  in  any  forced  manner,  for 
example  by  decompositio t  cf  aimcrirg  coatings  charge  by  chemically 
active  liquid  component, 

5.  Utilization  of  compensating  charges.  If  we  in  the  housing  cf 
RCTT,  besides  the  main  fuel  charge,  place  several  additional 
(compensating)  charges,  then  at  lew  pressure  pn,  caused  by  a  reduced 
temperature  of  the  main  charge,  it  is  possible  to  include  the 
compensating  charges  thereby  to  decrease  the  spread  c£ 
characteristics  cf  RDTT  with  the  werk  under  different  temperature 
conditions. 

For  an  increase  in  the  operating  time  of  RDTT  during  the 


utilization  of  high-energy  solid  rocket  propellants  it  is  possible  tc 
use  internal  (amccg  ether  things  porous)  cooling,  moreover  ty  coolant 
can  it  serves  liquid  (aumcnia,  hydrocarbon  fuel,  etc.)  or  gas  (for 
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exaspis,  tr.3  ccmbusticr.  f redeems  cf  chareje  of  special  IGG). 

Effectively  porcus  ccolir.g  with  us3/ applicaricn  cf  tcilir.c 

netals  (Li,  Na,  Mg,  Zn,  Cu.  Ag,  E)  cr  their  hydrides  (LiH,  etc.)  as 
the  coolant. 

306, 

Fcr  the  realization  of  this  ceding  the  nozzle  all  over  length  cr  on 
the  subcritical  part  is  supplied  with  twe  walls,  moreover  internal 
wall  is  performed  from  the  pcrcus  high-temperature  (strength)  metal, 
fcr  example  tungsten.  Between  the  walls  is  placed  the  coolant,  vith 
the  werX  of  RDTT  the  coolant,  receiving  the  heat  fluxes  entering,  is 
heated,  is  melted  and  vaperizes;  the  forming  vapors  pass  through 
perous  diaphragm  into  the  flew  cf  cembustion  products.  Porous  coding 
can  be  used  and  only  for  nozzle  lining. 

For  repeated  connection  and  disconnection  of  FDTT  is  necessary 
the  system  of  the  repeated  inflaisaticn  cf  charge  and  its 
extinguishing.  For  the  repeated  inflammation  cf  fuel  charge  it  is 
possible  to  use  a  hypergclic  igniticn  system,  while  for  the  repeated 
damping  -  supply  of  special  wcrkicg  eedium/prcpellant  (liquid,  gas  or 
the  sublimated  powder)  tc  the  burning  surface  of  charge,  Wor)(ing  the 
body  indicated  must  not  impede  engine  rastart.  As  liquid  for  the 
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iampin-j  of  charge  can  serve  Kater  and  aqueous  solutions  of  al.<aii 
salts  (latter  have  ic-er  rreezinq  point), 

Or.o  of  the  directions  in  the  de  v(»lo  pner.t  of  solid-nropellant 
rocket  angir.es  is  an  increase  in  their  thrust  to  the  very  high  values 

6.0  n  and  tnrust  16  MK'  (~~1riCc  T)  ,  the  duration  of  tests  reaching  135 

s. 


A  reduction/descent  in  the  cost  of  BDTT  is  achieved  by  the 
method  of  simplification  in  technclcgy  of  the  manufacture  of  charges, 
research  of  the  ways  of  reduction  ir  the  cost/value  of  solid  fuels 
and  by  the  repeated  utilization  of  housings  and  nozzles  of  FCTT. 
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Page  307. 

Pact  17. 

no>:c:ie:i ic AL  pocket  engines. 

To  the  noncheniical  iccKet  engines  together  with  thermal  type 
ERD,  electrostatic  and  electroaagoistic  belong  as  is  indicated  in  §K6 
YaHO,  SBD  and  gas  HD  », 

FOOTNOTE  Chapters  XVJl  and  xvili  are  written  by  whole  based  on 
materials  of  foreign  sctrcas  [5,  11,  43,  50,  51,  52].  ENDFOOTNOTE. 

Besides  cold  and  hct  gas  engines,  can  be  used  the  engines, 
working  medium/prcpellant  cf  wnicb  is  the  superheated  water,  which  is 
located  in  the  chain  be  r /c  amera  under  the  large  pressure  and  which  is 
converted  during  the  action  along  the  nozzle  into  the  vapor.  For  the 
work  of  such  engines  just  as  for  ccld  gas  RD,  there  is  no  necessity 
to  have  a  source  of  heat  cn  beard  the  rocket  vehicle.  For  the  work 
other  nonchemical  thernal  BD  (YaBD,  SR3  and  thermal  type  BHD)  this 
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sourc®  necessary  (sop  <51. 6). 

Th  =»  hpat,  applrad  tc  the  ^cr/tirj  .■ae diun/prcpel  1  ant  iri  YaRD,  SRD 
and  tharaal  type  SRD,  ptcduces  catieceat  processes  (melting, 
vaporization,  subliniat icn,  ionization,  etc.),  as  a  result  of  which 
ar=  forr'^i  gas’^us  pro'^ 'jct^  or  piat.Tu;  therr  cu-*-tlcw  bth'r.:  h  ? 
nozzl?  creates  thrust. 


Dasign  parameters  and  the  typt  of  working  aedium/propallants  in 
all  types  RD  solect  frca  tha  condition  of  obtaining  the  aaximun 
characteristic  velocity  cf  rochet  vehicle.  Therefore  it  is  necessary 
to  consider  not  only  specific  impulse  30,  but  also  mass  of  DU;  in 
particular,  it  is  important  so  that  thj  source  cr  the  receiver  of 
orinarv  energy  of  engine  installation  would  possess  large  specific 
output  power,  i.e.,  fcy  the  output  power,  which  falls  on  1  kg.  of 
their  mass  (mass  of  socrce  or  the  receiver  cf  primary  energy) . 


Important  characteristic  of  DU  with  nonchemical  thermal  RD  is 
their  efficiency  n,  which  is  tha  ratio  of  the  power  of  the  stream  of 
working  aedium/propellant  Nvn  to  the  thermal  source  power  of  energy 

^Tonni  i«  e  • 

or  durfno  the  replacement  of  absciuta  powers  by  specific  ones  (on  1  n 
or  on  1  kgf  thrust  cf  HD) 


^cTp.yj 


(17.1) 
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?aa® 

With  an  increase  in  tne  etticaenc/  of  Dn  is  decrease!  th“ 
necessary  thermal  cf  the  sourca  power  nf  energy  fcr  the  creation  of 

'r.-  1-.'  the  saoe  thrns-^,  aai  co  as€ 'an?  r.t  i  y,  is  !^crea3  =  !  it' 

.\3  working  medina/prcp^iiants  r.onrheaical  therTal  PD  car 
the  liTuid  substances  (Hj,  !<Hj,  N^h^,  DH*,  C3HJ,  etc.),  liiuifiei 
inert  gases  (He,  Ar,  S  g,  etc.),  Ixt^uid  aetals  and  their  hydrides  (in 
particular,  Li  and  LlH),  the  subliaatal  substances  (fcr  exaaple, 
camphor) ,  etc.  Gas  engines  work  cn  nitrogen,  helium,  cxygsn,  argon, 
hydrogen  and  other  gases.  In  the  rccxat  engines  are  piloted 
spacecraft  it  is  possible  to  use  as  the  working  medium/propellants 
products  cosmonao+s'  vital  activities  (in  particular,  co^) . 
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Chao‘:3r  XVII, 

roci^“t  engines. 

In  th®  c:hi»Ti5.cal  r«?acticns  parxici.jate  only  th®  electron  shells 
\r.  \  ?. bv  vhich  ^r9 

r®la‘-i7ely  low  qiidntities  of  heat,  whioh  is  isclatai  in  th®  cr  =  3^r.ce 
of  ^-1°  chemical  roac^icrs,  and  tha  low  values  cf  specific  imciils^ 

S 'ihstantially  hichsr  specific  iaoulse  can  be  cbcained,  if  to 
use  f'ssicn  reactions  or  nuclear  fusion  special  of  the  substances 
(se®  ^1,6).  For  example,  for  fission  riaction  of  uranium  the  heat, 
due  to  1  kg.  of  fissiocatla  jateritl  (taking  into  account  "mass 
defect"),  3.7*10»  once  is  more  than  a  quantity  cf  heat,  which  is 
isolated  in  the  presence  of  oha  ao&t  powerful/thickest  chemical 
reaction  on  1  kg.  of  f uel/propallait. 

In  heat  exchange  YaRD  tne  beat,  wiich  is  isolated  as  a  result  c 
nuclear  fission,  is  used  for  beating  of  working  med i urn/ propel la nt . 
Behind  the  nozzle  of  such  engines  flow  out  the  pairs  cf  working 
medium/propellant.  Fissionable  material  it  remains  in  the 
chamber/camera,  ar.d  its  mass  decreasas  only  as  a  result  of  nuclear 
decomposition.  Heat  can  be  transmitted  from  the  fissionable  material 
to  the  working  medium/prcpellant  oj  convection  and  by 
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radiation /emission. 

Exhaus*  of  ’’lixture  is  t  ha  mixture  of  decay  products  ard 

workdr.7  mod ium/nrcpellant. 

'iuol^ar  f  ■'"’ 1/or  coo  liar,  t  io  Ya?.  D  oar.  sol'.'’  '  ■otclit'' 10  ^r 
oow  der- like)  ,  liquid  or  caseous. 

O''  all  tyn<as  YaRD  to  the  jreat^st  degree  are  finished  hea'*' 
exchange  engines  with  solid  radioisotopes  ( la diciso tope  rd)  and  YaRD 
with  the  reactor,  in  which  is  accomplished/realized  the  division  of 
solid  nuclear  fuel/propellant, 

A3  working  raedium/fiopeilant  YaRD  with  the  reactcr  divisions  can 
serve  liquid,  and  radicisotcpe  -  liguii  and  solids. 

Page  309, 

517.1,  Special  f eatures/peculiazities  of  requirements  for  the  working 
aedium/propellant  YaRD. 

For  obtaining  the  large  specilic  impulse  YaRD  it  is  necessary  tc 
ensure  the  high  enthalpy  cf  wcrkiac  »e iium/prcpel lant  at  the  nozzle 
entry.  Therefore  in  accordance  with  equation  (4.20)  at  a  selected 
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iiia jciiaura  oermissible  temperature,  jhich  ioes  net  call  the  fusion  of 
fissionabl<a  matarial  (iSCO- 300J®K)  ,  most  effective  is  working  th^ 
body,  which  possess'^s  large  asat  capacity  Cp  (taking  into  account  th-^ 
effect  of  the  reactions  cf  dissccration)  .  Valu®  c,.  tc  a  certain 
degree  is  determined  by  ttclecuiat  height  Therefore,  ether 
conditions  heinc  cgual,  in  YadJ  to  core  prefsrahly  use  worki''o  a  ';  ■••• 
with  the  low  valuo  of  molecuiar  weight,  primarily  hydrogen.  At  high 
temperatures,  characteristic  tor  iaPD,  the  rrolecular  hydrogen 
dissociates  to  the  atciic.  With  tne  hijh  content  of  atomic  hydrogen 
in  the  composition  of  working  aedium/pr ope llant  its  molecular  weight 
approaches  a  lowest  possible  valua  -  to  the  atomic  mass  of  hydrogen 
(hh  =  1.008).  Therefore  specific  iapuisa  Ya.RD  with  the  solid  fissionable 
material  can  reach  flOOO-8500  M*s/<g  800-850  kg*s/kg],  in  spite  of 
the  fact  that  the  temperature  of  working  medium/propellant  in  such 
engines  lower  than  temperature  cf  coabusticn  products  chemical  RD. 

The  dissociation  of  working  aedium/propellant  not  cnly  decreases 
its  molecular  weight,  but  also  absorbs  heat,  what  for  YaRO  is 
positive  factor  (see  §3,3),  since  in  tdis  case  is  simplified  the 
problem  of  its  coding.  As  for  any  thermal  RD ,  :n  this  case  it  is 
desirable  so  that  the  process  of  expanding  the  working 
medium/propellant  in  the  nozzle  would  be  equilibrium. 


Cooling  is  one  of  the  lost  ccmplex  problems,  which  appear  during 
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creation  cf  r.ucl^ar  erginas,  Tneiiicre  working  tciy  of  Ya?.D  t.us; 
posssss  good  cooling  prcpertiSa;  turthsrmore,  to  a/cia  th^ 
inadmiss.' bl«  sup«»rheati eg  of  any  parts  nuclear  engino  must  be  v-sny 
thoroughly  dasigned  as  beat  exctangec. 

Ona  of  th'^  b=~t  wcrkir.g  oa  ii  jE/pr  jpal  la  nts  cf  '173  1=;  liv.jid 
hydrog=»n.  R*»at  capacity  Cp  of  jasacus  ly  irogon  at  r  en  perat  ures, 
charactor istic  for  YaPD,  is  5-10  rim&s  mor«  than  the  conbust^on 
products  of  usual  chomical  fuels/orcpellants,  which  in  essence 
datarsines  the  high  specific  iapulse  of  hydrogen  YaRD. 

As  working  mediaa/propellant  cf  YaRD  can  serve  also  other 
substances,  in  this  case  the  Best  inportant  reqoireBents,  presented 
to  them,  are  high  density  and  ability  easily  to  dissociate  at  high 
temperatures,  such  liquid  suostances  iaclude  hydrazoic  fuels  (NH3, 
?lyH4  and  etc.),  the  water,  alcohols  ani  hydrocarbons  (CH*,  C3H8, 
etc,).  They  provide  smaller  specific  iapulse  YaRD,  than  liquid 
hydrogen,  but  they  have  substantially  high  density  and  are  pcssibls 
the  cases,  when  their  ose/applicatioc  proves  to  be  more  effective. 

517,2.  Radioisotope  engines. 

Simplest  type  nuclear  RO  axe  radiaisotepa  engines. 
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Page  310. 

'ilithin  th"*  cV  an  tpr/camara  cr  radi?isc*cpe  »=‘ngin«  (Fig.  17.1)  is 
olacad  the  capsule  with  the  rad icisctope ,  mcreover  between  the 
chamber  wall  and  th'»  capsule  ia  rauial  clearance  into  which  enters 
wording  the  hi^lv  frn?  the  rauK.  '.'a^sul?  is  rienerei  fnn 
hlgh-temDerature  (strength)  aetais,  in  particular  made  cf  ::hs 
tungsten. 

Basic  re guireoent s  for  tha  radiaisotopes,  utilized  in  the 
engines,  they  are: 

a)  the  greater  possible  guaniity  gf  heat,  which  is  isolated  on  1 
kg,  of  the  mass  of  radicisotopa ; 

b)  the  sufficiently  large  period  of  the  half-life  (time,  during 
which  decays  exactly  the  half  atcaic  niclei  the  substances)  ;  the 
half-life  period  designate 

c)  the  insignificant  lewei  ox  y-radiation  (for 
reducing/descendirg  the  mass  of  biological  protection). 

In  proportion  to  the  nuclear  decomposition  of  radioisotope  the 


quantity  cf  heat,  isolated  data  oy  the  mass  of  radioisotope. 


DOC 


PAGE 


continuously  is  (decreased.  However,  whan  selecting  cf  radioisotope 
with  the  corresponding  period  of  aalf  period  the  specific  impulse  of 
<anain»,  although  it  descends,  rcaains  within  the  permissible  limits. 

The  Bost  completely  indicated  abo/e  r<>quirements  satisfy  the 
radioisotopes  of  poicniuu  (Po^ioj  plircrium  (numerals 

Indicate  the  atomic  mass  of  isotope).  ')ne  kilcgram  cf  mass  Pc^ia  and 
p,i2  33  allots  5«10*  and  mb  kilo- joule  h=--=>t  respect  ovoly. 

Period  of  the  half-life  for  Po^ ‘o - - -  0..178  years,  and 

for  Pu23a  -  86,8  years. 

Radioisotope  is  placed  into  the  capsule  not  in  the  pure  fora, 
but  In  the  connection  with  cthsr  substances,  which  makes  it  possible 
to  raise  the  temperature  cf  its  aeitinj  and  in  the  required  degree  to 
lower  a  quantity  of  isclatanle  heat  in  order  not  to  allow/assume  the 
fusion  both  th«  isotope  and  capsule. 

By  the  special  feature/pec uiiarity  of  radioisotope  engines  is 
the  impossibility  of  ccntrol  daccmpositicn/decay  of  radioisotope  that 
it  limits  the  possibility  of  changing  in  thrust  and  specific  impulse 
of  the  engines  indicatsd. 

Radioisotope  engines  it  is  most  expedient  to  use  for  the 
creation  of  low  thrusts.  DO  with  such  angines  possess  smaller 
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specific  mass,  simpler  c'j  tad  ccnstrucaion/design  cen  be  I-»i/eicp8l 
the  shorter  time  than  DU  wita  the  tlscrrical  rocket  engines,  tut  th“y 
are  inferior  to  the  latter  in  the  valua  of  specific  impulse. 
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Fig.  17.1,  chamber /caa^ra  radioisotrpe  of  RD: 
capsul"*:  2  -  raiioisctr  pe:  3  -  caa^i  ir  .all; 


shell  of  tha 
th  =  r^al  ir.  , 


Page  311. 


§17.3.  Processes  in  the  fissiOQ-r_/fe  naclear  reactor. 

In  the  rocket  engice  with  the  fission-type  nuclear  reactor  must 
flow/ occur/last  the  ccrtrolled  cnaar  reaction  of  nuclear 
decomposition,  (lore  easily  axe  split  tie  atc»ic  nuclei  of 
elements/cells  with  the  large  atcaic  mass,  since  with  an  increase  in 
the  atomic  nuclear  mass  they  beccme  less  stable.  To  a  number  cf 
natural  elements  with  the  graatest  atomic  mass  relate  uranium  and 
thorium. 


As  fissionable  materials  for  laBD  can  serve  Pu*3<»  and 

the  period  of  half-life  of  which  is  eqjal  to  8.8»10»;  2.6*1t)^  and 
1.6«10*  years  respectively,  dost  widely  as  the  fissionable  material 
they  use  n*^*. 
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In  natural  uranium  it  io  ccutdinel  by  99.82o/o  of  isotope 
in'!  0. 7120/0  cf  isotope  is  formed  from  the  natural 

isotop^t  n23«  by  the  effact  ca  it  of  neitrcns,  and  isotope  _  thus 

from  natural  thorium  2^2  (Th^aa)  £28]. 

Muclei  [T2  3  5  spli-*-  via  taeir  neutran  bombari.uen t.  The 
incidenco/impingeaier.*  cf  neucror  into  the  nucleus  causes  its 
art.'finial  excitation,  in  this  case  the  energy  cf  nucleus  •*  s 
increased  so,  that  it  hacoaes  unstable  and  decays  with  the  formation 
of  new  neutrons,  nuclei  with  tna  smaller  mass  and  the  liberation  of  a 
larga  quantity  of  heat.  If  Jiftar  the  nuclear  fission,  caused  hy 
neutron  capture,  at  least  one  of  the  newly  neutrons  being  produced 
causes  the  decompositicn  cf  new  nucleus,  then  nuclear  reaction  will 
maintain  itself;  therefore  tais  reaction  is  called  chain. 

Chain  reaction  in  nuclear  reactor  YaHD  must  be  controlled:  the 
power  of  nuclear  reactor,  determined  by  a  number  of  nuclear  fissions 
per  unit  time,  must  yield  to  contrcl  according  to  predetermined 
program.  The  uncontrcllable  chain  reaction,  which  is  accompanied  by  a 
sharp  increase  of  a  cumber  of  nuclear  fissions  per  unit  time,  leads 


to  exolosicn  of  reactor 
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Depending  on  the  energy  la^ei  of  neutrons,  the  generatrices 
during  the  nucl'^ar  fissica,  suodivida  into  the  rapid  ones,  the 
int®rnediate  ones  and  the  slow  ones  (taeraal).  Slow  neutrons  possess 
the  snallest  energy,  ccaparad  witn  tie  -kinetic  energy  of  the 
aoleoules  of  gas.  Such  neutrons  prcvida  the  nuclear  fission  of 
iso-^ope 

Since  during  the  riioi«ar  fisszon  of  isotope  ^J^3s  isolated 

fast  neutrons,  and  for  taintaininj  the  chain  reaction  are  required 
slow  neutrons,  is  necessary  tha  dalay/ratardinq/d eceleration  of  fast 
neutrons.  For  this  purpose  on  chexr  way  place  the  special  retarders, 
as  which  can  serve  the  substances,  which  little  absorb  neutrons.  The 
possibility  of  a  decrease  in  tne  velocity  of  neutrons  nakes  it 
possible  to  control/guide  chain  raaction.  The  additional  advantage  of 
the  utilization  of  a  retardar  is  an  increase  in  the  surface,  through 
which  the  heat  is  transaitred  frca  the  fissionable  material  to  the 
working  nedium/prcpellant.  Paga 

As  retarder  can  serve  substances  and  eleaents/cells  with  a  low 
atonic  aass  of:  graphite,  heavy  water,  berylllus,  oxide  of  berylliun, 
etc.  The  less  the  atonic  oass  of  elenent/cell,  the  nore  rapidly  slow 
down  the  neutrons  during  the  action  in  its  Biedian. 


The  quantity  of  fissionaoie  latarial,  necessary  for  heating  of 


vozkiaq  medxua/propellaat  to  tad  aecassary  teaperat ure,  is  v^ry 
small.  The  quantity  cf  fissionacla  matarial,  which  aust  bd  placji  in 
the  reactor,  is  selected  frcm  other  consid°ra“:icr ,  in  essence  frcn 
the  condition  of  obtaining  tae  critical  mass,  and  alsc  frcm  the 
condition  of  sufficient  surface  area,  through  which  the  heat  is 
♦rnnsmittad  from  *-he  fissicnaoia  aa^<?riil  t ■ic:<Lr.'j 
media  ra/pr cpellant. 

Critical  mass  is  called  tne  least  guantitv  of  fissionable 
material,  in  which  is  pcssibie  tne  maintenance  of  chain  reaction.  For 
the  pure/clean  isotope  the  critical  mass  ccmposes  sphere  by 

radius  into  several  ten  ■illiaatars  and  mass  cf  20-30  kg.  During  the 
utilization  of  a  retarder  the  critical  mass  increases/grows  to 
hundreds  of  kilograms. 

Due  to  the  limitations,  connected  with  the  critical  mass,  it 
cannot  be  created  YaRD  cf  lew  thrust  with  the  reactor,  in  contrast  to 
they  are  radioisotope  engines. 

§17,4.  Devi.ee  and  the  specific  paramatars  of  solid-phase  reactors. 

Fission-type  nuclear  reactors  are  distinguished  by  the  type  of 
active  regicn/core.  Active  regicn/ccre  is  called  the  part  of  nuclear 
reactor  in  which  is  located  thi  fissionable  material.  Active 
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region/core  can  be  solia-pnase,  iii^uxi  phase  and  gas-phase.  This 
division  is  conventional,  aitnauga  ^xtsnsively  ?t  is  used. 

Let  as  exaair.3  the  device  cf  nnclear  reactor  with  the 
solid-phase  active  regicn/core  cn  the  thermal  neutrons.  This  reactor 
is  placed  within  the  enjina  (^’ij-  17,2)  .  Its  active 

region/core  is  several  reds  of  rae  re-carder  (for  example,  graphite), 
in  which  evenly  distributed  rhi  fissionable  material. 
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Fiq.  17.2.  Chamb<»r/cai!i<>ra  YaSD  wicn  th'i  sclid-phas®  rsactcr:  1  - 
control  re!  *:'i  ■»  irive:  1  -  e*'.  v  eh'"'!.:;  -  r®  f  l'>c*’.er ;  i  - 

fuel  oleop'nfs;  5  -  coolant  passaja  of  eaaatber/c^mcra. 

?aqe  113. 

For  achievement  of  the  hijh  temperature  in  the  reactor  core  it 
is  necessary  to  use  f 5 ssicnabla  materials  with  possibly  the  higher 
melting  point:  the  dioxide  cf  uranium  UO2  (Tn,i  =  3075'’ K),  uranium-tunosten 
and  uranium-zirconium  alloys,  the  sclil  solution  of  carbide  of 
uranium  and  carbide  cf  niooiuo  OC-NbC  (Tn.-.  =  3500' K)  etc.  During  the 

utilization  of  the  latter  the  ca«p<Br3tur9  of  active  region/ccre  it  is 
possible  to  raise  to  3025-3075®K  and  to  heat  working  tody  to  2775®K. 

Around  the  reacter  core  is  placed  the  reflector,  which  is  the 
shield,  which  returns  the  neutrens,  which  left  the  active 
region/cora,  conversely.  Ccnseguently ,  reflector  contributes  to  the 
retontion/preservation/Baintaiaing  neutror.s  and  decreasing  the 
critical  Bass  of  fissicrable  aaterial.  Fcr  the  reflector  are  used  the 
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sanio  aiaOorials,  as  fcr  the  retarasi:. 

?h  0  hf»a*. ,  lib-^rated  bj'  rods  (rua  1  elements),  is  transmitt®!  tc 
the  worlcing  med  iua/propellant ,  which  takes  plac®  in  the  space  between 
the  rods. 

Mnslear  re?*ctor  ."nust  ije  ejUiJ^ei  b/  the  cortrol  system  cf  the 
rate  chain  f’ssion  reaction  of  cucl®i,  in  which  they  are  included: 

a)  the  sensors,  which  aeasuca  th a  neutrcn  flux  density  in  the 
reactor; 

b)  the  control  rods  which  actively  absorb  neutrons; 

c)  the  electromechanical  devices,  which  ensure  a  change  cf  the 
submersion  depth  cf  the  rods  indicated  into  the  active  region/core. 

Density  of  neutrcn  flux  ia  tae  active  region/ccre  determines  a 
number  of  nuclear  fissions  par  unit  time  and,  consequently,  also  the 
power  of  reactor. 

The  controlling/guiding  and  emergency  rods  are  prepared  from  the 
substances  which  to  a  ccnsidaracle  degree  atscrfc  neutrons.  A  number 
of  such  substances  includes  cadaiua,  boron  and  carbide  of  borcn  S*C. 
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If  neutron  density  in  tae  acr^va  raqicn/core  an  any  reason 
beains  to  be  increased,  then  c.i  t-ie  signal  of  the  sensor,  moun'^ed  in 
the  active  region/cor®,  is  given  ccmaand  for  the  greater  inamersion  of 
control  reds  into  th®  active  regica/core. 

In  this  case  the  reuerens  aia  aosor'etd  also  to  the  greater 
degree,  which  leads  tc  a  redact  acn/de  =c  a  nt  in  the  newer  of  r<=actor  no 
to  the  prescribed/assi gned  level. 

Emergency  rods  are  used  in  txie  system  of  the  emergency 
disconnection  of  the  reactorj  in  tae  case  of  spcntanecus  sharp  growth 
of  the  power  of  reactor  emergency  rods  sharply  are  introduced  into 
the  active  region/core,  providing  rapid  attenuation  of  chain 
reaction. 

The  outer  covering  of  nuclsar  reactor  is  protective  shield, 
which  protects  other  parts  of  the  engine  and  service  personnel  or 
crew  from  the  nuclear  radiation:  y-rays  and  fast  neutrons.  The 
absorption  of  y-rays  occurs  only  auring  the  collision  with  the 
electrons.  Therefore  the  shields,  which  shield  from  the  y-rays,  it  is 
expedient  to  prepare  from  the  a leoent s/cells  with  the  large  atomic 
mass  (tungsten,  bismuth,  the  connections  cf  lead,  etc.),  the  nuclei 


’CAGE 

of  which  contain  a  larce  quantity  of  alectrcns- 

Page  314. 

Mantcons  b'?st  anything  aca  sexzai  by  materials  with  th-a  low 
atcoic  tacs  I:,  2r  ,  acc.).  Arc  ~i  fii  ci'' rt  Iv  <=fr-c*:i70  tor 

Dro'*'ac*:ion  from  -h^  fast  neutrctt;  iaubstances  with  ti'-a  larqe  riensity 
of  th®  atoms  of  hyirrg®s  in  rn=  aoxoc'ila:  ^^3,  H2O  ar.  f  liquii 
hyiroqan.  ^t  hiqh  tomrorataras  is  uicst  eff^ctivo  hyiride  of  lithium 
LiH. 


Thus,  for  th^  prot€Ction  frcm  th®  7-rays  ard  the  fast  neutrons 
it  is  necessary  tc  make  shields  rrotn  a  thick  layor  of  eleaent/cell 
with  the  large  atomic  mass  and  a  layer  cf  material  with  the  lew 
atomic  mass. 

During  the  utilization  of  graphite  as  the  retarder  basic  problem 
is  the  destructive  effect  of  tae  frow  of  hydrogen  cn  graphite,  which 
leads  to  corrosion  and  carry-off  or  its  surface  layers.  In  order  to 
avoid  this,  to  the  surface  cf  gtapaice  will  be  hreucht  in  the 
protective  coating  (for  example,  a  layer  of  carbide  of  niobium). 

Solid-phase  call  net  only  reactors  whose  fissionable  material  is 
found  in  the  solid  state,  but  also  reactors  with  the  fuel  elements. 
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under  solid  shell  of  which  is  placed  fissionable  material  in  the 
liquid  state. 


Diaarara  YaRD  with  tha  so  lid-pnas  e  reactor  is  examined  into  o''*2. 
In  addition  to  Fig.  1.  3  it  is  necessary  to  indicate  that  the 
t  =  ’  o*  rat'ire  of  the  '^or'^ir.  j  o  a  i:. ro  oel  la  nt ,  .--lectad/tahen  tehin' 
the  nozcle  for  the  drive  or  turtinc,  must  descend  by  means  of 
displacement  with  th^  cold  wcr.<inp  oadium/propellant.  The  power  of 
turbine  changes  with  chcke/throttie  with  electric  drive,  adjusted  cn 
the  feed  line  of  turbine  by  workin<^  ledium/prcpellant , 


Lat  us  deternine  the  values  or  the  specific  powers  YaBD  based  on 
the  mrample  of  «ngine  with  tne  solid-phase  reactor,  ncreover  let  us 
accent  /yj.n  =8000  M*s/lcg  [— bOO  xg*s/lcg  ]  and  Pn=900  t^n  [ — 90  T]. 


In  accordance  with  eguaticns  (1.22)  and  (1.29)  the  specific 
power  of  exhaust  jet  of  enjine  in  the  vacuum 

V  ^r*.n 

''c  p.T*.B=— ^=4  KemjH  KsmlKr]. 

Key:  (1).  k8/N.  (2).  kW/kg. 

If  we  take  as  for  the  work  in  the  vacuum  thermal  efficiency  n*. 
equal  to  0.8  and  to  disregard/naglect  all  other  losses,  then  taking 
into  account  equation  (17.1)  tne  specific  and  absolute  heat  output  of 
nuclaar  reactor  and  engine  as  a  wnole  are  equal  to 
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\.  -^'cTp.  yj.n  _  CO  -  C'*-5  . 

A  j  jj  ,\  yi.n^n  4500  AiSFTl . 


Key:  (1).  kW/N.  (2).  kM/kg.  ( J)  .  M.. 


"-owing  h=>at  output  zt 

ieternir\«'  th®  '/''lim®  of  active 
'=’or  thio  purpoa''  are  used  the  t 


nuclear  reactor,  i*:  is  possible  t 
regicn/core  and  th-^  aass  of  r  =  acto 
oiioving  specific  pa-ranetars. 


Page  315. 

1.  Specific  Tolunetric  aeat  output  of  reactor  Nvi^,  i.e,  heat 
output,  which  falls  per  unit  volume  of  reactcr  core  Va..3- 


Tentatively  it  is  possioia  to  accept  AVgj^iio.ios  kW/a-J,  As  is 
evident,  on  1  of  the  volume  or  reactor  core  falls  very  large 
power. 


2.  Specific  (on  1  of  active  region/core)  mass  of  reactor 

i.  e. 


where  map  -  mass  of  reactor. 
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In  the  approxiaat*?  ccmf atiXions  of  the  mass  cf  reactors  Va'D 
with  the  thrust  in  several  haalrai  Kilonew  tens  f  several  ter.  ten- 
forces  1  it  is  possibl''  tc  acceac  /ni-,,  =s8  m/^wh 

517. 5.  Special  f eatiires/peculiarixies  yard  with  the  liquid  phase  and 
’ee-uhaso  reactor. 

If  we  use  a  fissicraale  aaterral  not  in  the  solid,  h  in  the 
liquid  or  qaseous  state,  then  ix  is  possible  to  increase 
substantially  the  teaperatura  ot  active  region/core  and  wor/ciag 
aediua/prcpellant  and  tc  attain  a  significant  increase  in  the 
specific  jet  firing  (for  YafiD  wita  tha  gaseous  reactor  -  to  2-5*10* 
H*s/kg  r  — 2000-5000  kg*s/icg]). 

In  many  types  of  liquid  paasa  and  gaseous  reactors  in  contrast 
to  the  solid- phase  ones  working  tne  body  is  mixed  with  the 
fissionable  material.  Heat  from  taa  fissionable  material  to  the 
working  medium/propellant  xs  transmitted  in  the  liquid  phase  reactors 
by  the  convection  path  and  radiation/emission,  and  in  the  gas-phase 
reactors  -  in  essence  by  tadiaxion/emission.  The 

departments/separations  (separation)  of  working  medium/propellant 
indicated  from  the  fissionable  material,  moreover  precisely  the 
problem  of  the  retention  of  fissionable  material  in  the  liquid  phase 
ones,  and  especially  in  the  gas-phase  jnes,  the  reactors  presents 
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greatest  diffic'il*y.  The  tarow-oux  of  fiss?cn3L'l=  :na*erial  together 
wf.hh  tha  working  a-ad?  un/propallant.  j  naiaissibl" ,  sine?  in  thr’s  cass: 

a)  d«»sc<»nds  th^  pewer  of  rsactor  ind  the  orglnp  thrust; 

b)  cons!  i^rably  i?  inccaa^ea  :ost/7al  ;-=  of  th^  ongir:<=  (is 

!nor<?  accurat®  the  cost/vaiae  of  its  testirg)  : 

c)  exhaust  jet,  which  contains  fissionable  material,  it  causes 
radioactive  contaninat icn  of  ta a  surrcinding  space. 

The  stability  of  the  course  of  chiin  reaction  in  the  liquid 
phase  and  gas-phase  reactors  xs  provided  with  the  aid  of  the  thick 
layer  of  a  re  fleeter- retarder ,  placed  on  the  periphery  of  reactor. 

Page  316, 

One  of  the  possible  diagraas  of  YaRD  with  the  liquid  phase 
reactor  is  depicted  in  Fig,  17.3.  The  liquid  fissionable  aaterial  is 
held  by  centrifugal  forces  in  the  walls  of  cylinder  froa  the  porous 
aaterial.  The  cylinder  indicatad  wxth  the  work  of  engine  is  rotated 
with  the  aid  of  the  special  systea.  Borking  body  passes  through  the 
pores  of  cylinder,  cooling  it,  and  then  through  a  layer  of  the  liquid 
fissionable  aaterial  it  is  haatsd  to  the  high  teaperature. 
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liquid  fissicrabla  aazarial  ext.  be  us?d  ir.  the  pure  ferra  cr 
in  the  form  of  mixture  with  cha  suostaace,  which  possesses  very  hiqh 
melting  pcint.  Por  exaapla,  as  the  liquid  fissionable  material  can 
serve  carbide  of  urariuo  UC  2  in  nciten  form  (Ta.i  =2575°  K),  and  also  the 
nixt'ira  of  carbide  of  uianium  wita  carbide  cf  -  •"!7s-er.  zirconium 
carbide;  this  mixtura  can  o3  used  xr  tht  reactor  at  a  tfoparature 
about  4(S75°’<. 

number  of  very  prcsisinj  YafiD  includss  the  engines  with  the 
gas-phase  reactor. 

Are  most  investigated  theoretically  and  experimentally  two  tyces 
of  the  gas-phase  reactors; 

a)  with  the  rotation  of  fissionable  material  (in  particular, 
with  the  utilization  of  tha  rocsting  magnetic  field)  and  the  radial 
motion  of  working  medium/prcpallant  from  the  periphery  to  the  center; 
this  type  of  reactor  in  many  respects  is  similar  to  liquid  phase 
reactor  examined  above; 

b)  coaxial  type  reactor  {Fig.  17, U)  . 
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Fig.  17,3.  Chamber /canera  of  ?a8D  with  ths  liquid  phase  reactor:  1  - 
control  rcl  with  ■^hc  drive;  1  -  rctaoir.  j  cylinder  with  coroos 
diaphragm;  3  -  liquid  f issicnao^e  material:  4  -  refloctcr;  5  - 
chamber  wall;  6  -  prct'^ctiva  snieid. 


Pia.  17.4.  Diagram  of  cfcaaber/camera  of  YaPD  with  coaxial  type 
gas-phase  reactor:  1  -  ccaduit/naQif o Id  of  delivery  of  liquid 
fissionable  material  fret  separator;  2  -  coaduit/manifold  of  delivery 
of  working  aedium/prcpellant  frcia  tank;  3  -  retarder-reflector;  4  - 
air  intake  from  porous  nateriai;  5  -  conduit/nar.ifold  of 
branch/re nova  1  of  mixture  of  fissicrabla  material  and  working 
media m/pr Opel lant  into  separator;  t>  -  nozzle;  7  -  ccnduit/manifold  of 
delivery  of  working  aedium/propeiiant  from  tank. 


Page  317. 
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In  coaxial  type  reacroi:  fissionaala  material  (for  exa.np'e 
or  U23S)  it  is  supplied  in  tna  liijuiJ  star-.  Directly  in  r-.e  reactor 
as  a  result  of  the  course  of  nuclear  reactions  fissionable  material 
is  leated  to  the  high  teaperature,  it  changes  into  the  gaseous  state 
and  it  moves  along  the  axis/axie  of  reactor,  being  mixed  only  to  the 
low  degc'^e  with  t*-"  versing  as  iium/pr  op  oil  ant  ticv?s  coaxiallv 

with  the  flow  of  fissicrabie  material  (ouosids  it).  The  stream  of 
fissionable  material  reccvecs  nj  tne  air  intake, 
establoshed/installed  at  the  nozzle  entry. 

In  the  air  intake  the  fissionable  material  is  coded  and  is 
condensed  with  its  mixing  with  the  cold  working  aed iua/propellant , 
which  enters  from  the  tank,  it  fceaas  for  the  separator,  and  from  it 
again  into  the  reactor,  etc. 

In  connection  with  the  high  temperatures  of  working 
msdiua/prcpellant  in  YaHD  with  the  liquid  phase  and  gas-phase  reactor 
it  is  necessary  tc  use  the  porous  cooling  of  the  walls  of  reactor. 

517.6,  Difficulties  of  designing  YaRD. 

In  spite  of  the  fact  that  works  on  creation  YaBD  are  conducted 
intensively,  the  engines,  suitable  for  utilization  cn  the  rockets  or 
KA,  it  is  not  yet  ievelcped.  For  example,  the  flight  tests  YaRD  with 
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*.he  solid-phase  reactor  and  a/  thrust  3 -i  0  kn  r-~3d  T]  are  expected  in 
the  DSA  net  previously  sulfurdi  the  70's. 

Significant  difficulties  during  ta a  creation  YaBD  produces  the 
need  for  protection  frea  the  j-tays  and  the  fast  neutron  flux,  which 
aDp*»ar  upon  decay  of  the  nuclei  cr  fissionahls  niateriai.  The  large 
aiass  of  this  prot«cticn  for  iadC,  utilizad  in  the  rccket  V'ihicle,  5  h 
not  admitted;  at  the  same  tiae  tc  its  effectiveness,  especially  for 
the  engines  of  the  manned  spacacraft,  are  presented  quite  high 
requirements. 

Operation  of  TaBD  is  significantly  more  complex  than  the 
ooeration  of  other  types  of  rocket  engines.  The  presence  of  the 
service  personnel  about  YafiD  is  adaissibla  only  before  his  first 
testing,  after  which  all  opatations/processes,  including  taking  apart 
from  the  stand  and  transport  from  the  stand,  must  be  performed 
remotely/distance. 

In  order  to  exclude  the  contaaiaation  of  the  atmosphere  and 
large  earth  sections  by  radioactive  decay  products  with  the 
emergencies  of  rockets  with  laBC#  especially  at  the  moment  of  start, 
such  engines  can  be  used  only  in  the  upper  bocster  stages,  and  also 
in  KA  and  spacecraft. 
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During  the  i9v<2lc  f  aent  of  faRi;  it  is  necessary  to  solv<^  number 
of  cooplax  probleas  which  include;  provision  cf  heat  transfer  in 
nuclear  reactor  and  raliabla  coclang  of  its  ele nent s/ce 11s ,  the 
selection  of  materials  cf  active  region/core,  the 
exception/elimination  cf  laadsissaoly  high  thermal  stresses,  etc. 

Construction/desi cn  or  Yaac  to  a  consileratle  degree  beccnies 
complicated  by  the  presence  of  tne  automatic  systems  of  control  of 
the  mod a/conditions  cf  the  worn  cf  reactor  and  engine  as  a  whcle, 
moreover  the  series  cf  slamants  ci  the  systems  indicated,  placed 
within  the  reactor,  they  worn  anaer  conditions  for  acute  irradiation. 
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Page  21^1. 

Chapter  XVIII. 

ELECTRICAL  ROCKET  ENGINES. 

The  electr'cal  rccket  entires  iacluia  by  thermal  ty?3  EFD,  th<= 
electrostatic  ani  electicmagna^ic  engiass  (see  S1.2,  1.6,  3.3).  The 

distinctive  special  feature/peculxarity  of  engine  installations  with 
SRD  is  their  large  specific  mass  auc  to  the  presence  of  the  source  of 
electrical  energy.  Therefore  the  taru sc- weight  ratio  ‘  of  rocket 
vehicle  with  ERD  is  sutostant ially  less  than  vehicle  with 

ZhRD  or  YaRD  with  the  reaccor  of  division  (1-10), 

FOOTNOTE  The  thr ust - weig ht  ratio  of  rocket  vehicle  call  the  ratio 
cf  tnrust  its  engine  i rstallaticos  to  che  weight  of  vehicle  at  the 
level  of  sea.  ENDFOOTNCTE. 

This  gives  rise  to  the  low  accelerations  of  vehicle  which  can  ensure 
with  ERD  (usually  no+  were  than  g^)  »  and  worthwhileness  of 

their  use/application  cnly  for  the  upper  stages  cf  space  vehicles. 


and  also  for  KA 
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can  pro7id«  an  cp'iaai  (ii.  acccrdanc?  -.rth  th=  ra nt 
of  fliiht)  chanfjp  in  tH  thrust,  ti.p  specific  i^'puls^a  and  oparatinc 
timo  oV'ar  wids*  limits  v.ith  small  oirsr.  T’h<=rmal  typ®  E?.D  most 

■axpsdiant  to  us<»  in  the  stabilizaticn  systems  and  orisntaticn  of 
satellites  and  KA.  Electrostatic  and  electrcmagretic  PD  can  ts 
applied  as  the  sustainer  engines  ct  KA,  in'-endei  for  th  = 
long-distance  flights  (tc  dars,  Jutiter,  -iaturr,  an:  oth^r  planets). 

?oc  electrostatic  and  electrcmag netic  ?D  ar®  characteristic  the 
following  special  featnres/paculiarities. 

1.  Very  high  specific  impulse  (393  Table  1.I)  unattainable  for 
RD,  in  which  working  body  is  accelerated  by  transf ormativn  of  heat 
into  kinetic  energy,  mcreover  it  is  reached  at  lew  (usually  not  more 
than  50-1  CO  mn  Hg)  pressure  of  working  medium/prcpellant  and  at  its 
relativaly  low  temperature, 

2.  High  specific  primary  power  (to  500  kM/N  [--5000  kiJ/kg])  (see 
pg.  25)  . 

3.  Low  thrust  (0.  1-500  MM  [—0.01-50  g  ])  with  the  possibility  of 
continuous  (over  the  Icng  term  of  up  to  several  years)  operation. 


4.  Impossibility  of  applying  external  flowing  cooling  due  to  low 
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of  ^xnanditur®  of  vorV:ing  r.  2d  i:i3/i;iop  all  an  *: .  Zr.cisas  ar*;  cool*?'!  by 
radiation  into  ?raca.  rhartfcra,  in  spite  cf  low  heat  fluxes 

from  the  plasrna  to  th~  walls  sieCtiioal  their  ceding  presents 

great  difficulties. 

?a  g  a  2  1  . 

3y  this  '.s  produced  the  nsed  for  use/applicat icn  ir.  such  engines  of 
the  exoensive  fever  and  erosica-resistant  materials. 

In  connection  with  the  low  expenditure  of  wording 
mediuiB/propellant  in  the  engina  installations  with  ERD  it  is  possible 
to  ass  not  only  the  usual  pressure  feel  systeus,  but  also  feed  system 
with  the  utilization  of  forces  c£  surface  tension.  For  example, 
liquid  cesium  from  the  tank  in  EBD  can  enter  undor  the  ef fect/act ic n 
of  capillary  forces  cn  the  potois  nickal  rod. 

^18.1,  Thermal  type  ERD, 

A  number  of  type  electrical  heat  jngines  includes  the  resistor 
and  arc- jet  engines  (see  §1.6),  ana  also  engines  with  the  exploding 
thin  wires  (see  pg.  U4)  . 


For  obtaining  the  high-temperature  working  aed  ium/pr opel lant 
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resistor  of  ’.t  is  necessary  ro  n<'at  tha  surface  cf  resistor  tc 
oossibly  the  higher  tei f erat ara.  Therefore  resistors  are  aiade  fros 
the  h iah- tea peratu re  (stren-jth)  aaterials,  in  particular  fro:^  the 
tungsten  ani  the  rheniuir,  whicn  cai.  worlc  at  a  temperature  2000  and 

2uoo'>K  f'espec^iveW- 

The  basic  narame'^ers  rasistor  ri  usually  arc  locate  i  lo  the 

following  range:  P„=  lO-^-elO-^  n  kgf];  1500^8500  N*s/kg 

r--150-B‘i0  kg«s/)cg];  the  efficiency  of  engine  -  to  85c/c;  specific 
h"a+  output  •'fcca T- =  O.S—  5,0  ic«/H  [  — 3«50  kM/kg  ]. 

a-esistor  engines  have  sufficiently  simple  construction/design 
and  Dosspss  the  significant  service  life  cf  work. 

Slectric  arc  SO  create  thrust  as  a  result  of  the  outflow  of 
high-temperature  plasma.  The  tea^eiature  of  plasma  in  immediate 
proximity  of  the  arc  can  reacn  bit  mean  temperature  of  entire 

mass  of  plasma  does  not  usually  exceed  SflOO^K.  As  a  result  of  the 
high  temperature  of  plasaa  the  specific  impulse  cf  arc-jet  engines 
has  great  value  cf  all  types  thermal  RD. 

Are  gd-ven  below  the  ranges  of  tha  typical  values  of  the  tasic 
oarametars  electric  arc  BD:  ^0= 0,00 1-4- 1 00  n  [—0,01-10  kgf]; 

/yjui  =  (7,5-4-25)  10® '<•3/ kg  [  —  750-2300  kg»s/kg];  the  efficiency  of  engine 
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—  UO-nTo/O;  kii/il  J20  ]. 

It  is  possible  tc  incrdaae  specific  i.Tipulsc,  raising  the 
temperature  cf  nlasma,  tut  ia  this  casa  it  is  decreased  by  the 
efficiency  of  engine  it  iccreases/groKs  -Vrenaya,  i.e.  they  are 
increase’  the  necessary  expenditures  ai  the  power:  with  the  ir.cr  =  a?  = 
cf  tancerature  *  he  conductivity  ci  aatais  it  steps  the  com  men sura h  1  e 
with  the  plasma  conductivity,  which  cases  an  inersase  cf  the  ohmic 
losses  in  the  internal  resistance  of  tne  source  of  electrical  energy 
and  in  the  supplying  electrical  cnains. 

The  service  life  cf  the  Hack  cf  slsctric  arc  rocket  engines  is 
limited  to  the  erosion  cf  electrodes. 

Page  320. 


To  a  number  of  positiva  juaiitias  electric  arc  besides  high 

soecific  impulse,  should  he  reiatea  sufficiert  simplicity  of 
const ruct ion/dasign. 

513.2.  Electrostatic  meters. 


Exhaust  jet  elec*rcstatic  BD  is  tie  ionic  flow  or  colloidal 
particles;  the  latter  differ  fren  icns  in  terms  of  the  substantially 
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smaller  value  o?  th^  ratio  of  3ar-icla  charge  e  to  its  mass  a; 
therefor^  «l®ctrosta+ic  fd  Suodivid®  into  ♦h®  ionic  ores  and  the 
colloidal  ones. 

Most  intensively  are  deveicpad/processed  ionic  RC.  They  are 
distinguished  by  the  serhcd  of  the  ionization  of  workinq 
aedium/propellant  to  ‘the  anginas  iitn  tne  contact  icnization  (ions 
are  formed  with  the  contact  or  working  aed ium/propellant  with  any 
warmed  up  surface)  and  the  engines  with  the  vclumetric  ionization,  in 
which  the  ionization  is  providad  cy  the  high-frequency  (to  200  HHz) 
field,  which  affects  werJeing  tna  oedy,  or  as  a  result  of  its  electron 
bombardnent. 

To  the  greatest  degree  are  finished  BD  with  the  contact 

ionization,  in  which  working  mediam/pcopellant  is  cesium  (Pig.  18.1). 

\ 

It  is  supplied  from  tank  1  into  vaporizer/evagorator  2  with  the  aid 
of  the  forces  of  surface  tension,  iifbh  the  passage  cf  vapors  cf 
cesium  through  ionizer  5  are  focmea  the  ions,  which  are 
accelerated/dispersed  with  tne  electrostatic  field,  which  appears  as 
a  result  of  a  potential  difference  between  the  ionizer  and 
accelerating  electrode  7.  As  iocizer  usually  serves  disk  aade  of  the 
porous  tungsten  whose  temperature  by  electric  heater  4  brings  itself 
to  1150-1 350® K. 
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So  that  on  housing  cf  KA  would  not  appear  electric  charge,  which 
wouli  lead  tc  a  re d uct i cr/d ascent  an  tha  engine  thrust,  exhaust  jet 
of  electric  notors  must  ks  neutralized;  for  this  purpose  into  the 
escaping  ionic  flow  are  introduced  with  the  aid  of  the  electrically 
heated  grid  (emitter)  tkc  electrcas. 


?iq.  Di?.7r^"i  «l’Cf  icatdtio  aD  with  th<»  contact  ionization  (is 

workinq  a  body-  c«siua)  :  1  -  tank,  with  casiuir;  2  - 
vaooriz«r/<»waporator  of  cesiua;  3  -  heat  shielding;  4  -  electric 
h‘^a*‘ar  of  ionizer;  5  -  icnizat  fade  of  the  porous  tungsten;  6  - 
focusing  electrode;  7  -  accelerating  electrcde;  8  -  neutralizer;  9  - 
exhaust  jet  (mixture  of  ions  and  electrons)  ;  1  -  length  of  the 
section  of  the  acceleration  of  ieae. 

Page  321, 

Ion  beae  consists  cf  the  aotually  repelling  particles. 

Therefore*  in  order  to  avoid  scatterinj  of  bundle  and  connected  with 
this  effect  of  the  particles  of  tae  bundle  on  the  engine  coeponents, 
in  its  constructlon/deeign  ie  provided  for  focusing  electrode  6. 

The  exaeination  ef  the  eguatacns*  which  characterize 
electrostetic  RD*  shows  that  tscir  specific  iepulee  it  is  possible  to 
increase*  increasing  ralatioa  'n/e  tor  the  particles  of  the  working 
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oediua/propellant,  but  in  this  case  simultanecusly  it  is  necessary  to 
raisa  th*  str<»ngth  of  electrostatic  fiald;  however  with  its  increase 
incraasas/grows  the  nass  of  tha  corresponding  transformers  of 
electrical  energy  of  00;  furthazaore,  it  can  arise  by  the  electric 
arc  test/saople  between  accelerating  electrode  and  ionizer. 

Optimal  relation  "i/e  tor  tne  t^^cticles  of  the  worlcing 
aed iam/oropellant  will  incraase/grcw  in  proportion  to  the  perfection 
of  the  transformers  of  electrical  enargy  of  DO,  At  present  relation 
w  close  to  the  optimal,  provide  ions  of  such  worlcing 
media m/propellants  as  cesium  and  mercury. 

Shortcoming  electrcstatic  BD  is  the  low  thrust,  per  unit 
cross-sectional  area  £.  1£  we  desxgnata  this  specific  parameter 
through  Pu  that 


Dae  to  low  values  rhe  diameter  and  the  mass  of  engine  are 
sufficiently  large. 

918.1.  Electromagnetic  engines. 

The  plasma  of  working  me diaa/ prop allant  electrcaagnetic  BD  is 
created  by  electric  arc  and  it  is  accelerated/dispersed  with  external 
or  proper  magnetic  field.  In  contrast  to  the  electrcstatic  field  the 
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magnetic  field  can  acGel€rata  alactrlcally  neutral  plasma.  Therefore 
for  electroaagn'atic  ?D  there  is  no  reel  for  both  in  the  preliminary 
separation  of  positively  and  neganival/  charged/leaded  particles  and 
in  the  subsequent  neutralization  of  exhaust  jet.  Due  to  the  absence 
space  electric  charge  electromagnetic  ID  can  develop  higher  specific 
iniDuls^  thr'n  ■^If^ctrcs'^atic,  dowevor,  elsctrcmagr.etic  7D  are  inferior 
the  electrostatic  in  value  effrciencias  (process  of 
disoersinq/acceleratinq  the  plasma  by  magnetic  field  is  less 
effective  than  the  process  of  dispersing/accelerating  the  ions  by 
electrostatic  field)  and,  furtaeraore,  they  have  large  mass. 

The  simplest  example  of  electromagnetic  continuous  engine  is  the 
engine  in  which  the  plasma  is  accelerated/dispersed  with  the 
intersected  electrical  and  magnetic  fields.  In  this  engine  the 
channel  over  which  neves  the  plasma,  is  rectangle,  moreover  its  two 
opposite  of  wall  are  magnet  pcles  (electrical  or  constants) ,  and 
other  two  walls  -  by  electrodes. 
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Page  322. 

Tt  is  icnovn  that  un-’ier  ths  af  f  act/dct  i  an  of  electric  fieli  is 
.1iff*rinq  ch«rg»»i/lcad«d  cf  oarcaci®  t.isy  move  ■‘■c  cencsita  siies.  3u'. 
if  wa  on  th®  electric  field  superimposs  perpend'cnlar  to  it  magnetic 
field,  th®n  on  particles  cf  ooth  sagns  will  ac^*  the  forces,  which 
have  the  identical  direction,  perpandloiilar  tc  the  direction  cf 
particle  notion  in  the  electric  field. 

In  the  pulse  engine  with  the  coaxial  electrodes  (Fig.  18.2)  is 
not  required  external  aagnatic  field,  in  this  engine  interacting  with 
each  other  electrical  and  aagnatic  fields,  and  also  plasna  are 
created  by  one  and  the  sane  electric  arc.  Chaober  wall  and 
arranged/located  along  its  central  axis/azle  rod  are  coaxial 
electrodes,  working  body  (gas)  is  supplied  into  radial  clearance 
between  the  electrodes.  With  tne  discharge  cf  capacitcr /condenser  to 
the  electrodes  is  created  the  electric  field,  as  a  result  of  which 
eztraaely  rapidly  the  swelling  current,  causing  the  icnixatlcn  of 
gas.  As  a  result  of  the  course  cf  the  current  through  the  plasaa 
appears  aagnetic  field  and  under  its  ef f sct/action  the  plassa  is 


DOC  * 


PAGE  y^f 


compressed  until  sets  ic  the  ejuili-briia  between  the  pressure  o£ 
plasma  and  the  pressure  which  is  cceatad  by  the  effect/action  of 
magnetic  field.  As  a  resclr  of  tne  process  indicated  the  plasma  is 
heated  to  the  very  high  temperature  ani  flews  out  behind  the  nettle, 
creating  thrust.  The  ptcncmencn  the  ceapressiens  of  plasma  with  the 
co'irse  through  it  cf  electric  current  call  pinch  effect.  After  each 
i.-n?ulsa/mcmer. tum/pulse  cf  thrust  tne  caoacitcr/ccndenser  is  charged 
from  the  source  of  electrical  energy  how  engine-  it  is  prepared  for 
the  creation  of  the  fcllcwing  iapulss/momentum/pulse. 

The  examination  of  the  thacretical  dependences,  which 
characterize  the  dispersal/accaleration  of  plasma  by  magnetic  field, 
shows  that  for  obtaining  the  high  efficiency  cf  engine  are  necessary 
the  high  values  of  the  coefficient  of  plasma  conductivity  and 
magnetic  induction.  As  werXing  medxui/propellant  electromagnetic  RO 
can  serve  lithius,  argen  or  hydrogen  with  the  additions  of  potassium 
or  sodiuB,  etc. 
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Pig.  18.2.  Diagram  palsc  eiectrcmagnetic  RD  vith  the  coaxial 
9l'»ctrc(!?s:  1  -  tank/ballocn  i#ith  ths  working  aed  iuir/prcpellant 
(gas)  :  2  -  val vs-r-^ducer ;  3  -  caamDer  wall  (external  electrode)  ;  u  - 
internal  electrode;  5  -  nozzle;  b  -  capacitcr/ccndenser ;  7  -  scarce 
cf  electrical  energy. 

Page  323, 

5  10.4,  Sources  of  electrical  aoergy  (power  acit) , 

Creation  of  effective  DU  with  the  electrical  rccXet  engines  in 
many  respects  is  limited  to  the  low  values  cf  the  specific  parameters 
(first  of  all,  the  specific  power)  of  the  sources  of  electrical 
energy,  or  of  power  units,  to  tie  explained  in  principle  low 
efficiency  of  the  power  units  (see  pg.  25). 

The  classification  cf  power  units  is  shown  in  Pig.  18.3. 
According  to  the  type  cf  primary  energy  of  power  unit  analogous  with 
RD  it  is  possible  to  sukdivide  into  the  chemical  ones,  the  solar  ones 
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and  tha  nuclear  cnes  (radicisoncy#  and  with  the  fission -type  nuclear 
raactor)  . 

The  chenical  power  units  include  electrochemical  storage 
batteries/accumulators  (cc  cheaical  batteries)  and  fuel  cells.  In  the 

^Isctrocheraical  storage  titteries/acc’imulatcrs  is  xpendo '/cc ns’iTe^ 
th a  rheaical  energy,  accumulated  wnth  chair  charging  fcefers  the 
flierht  free  the  gronnd-tassd  source  cf  electrical  energy. 

In  the  fuel  cells  proceeds  rne  process,  reverse/inverse  to  the 
electrolysis  of  the  water:  to  the  porous  electrodes,  between  which  is 
located  the  electrolyte,  are  supplaed  gaseous  oxygen  and  hydrogen 
(Pig.  14.4),  as  a  result  of  elactrcchemical  processes  on  the 
electrodes  appears  a  petential  difference  and  is  formed  water,  which 
after  certain  cleaning/p urification  from  the  dissolved  gas  can  be 
used  by  ccssonauts  for  the  drinking. 
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Pig.  18.3,  Classificaticn  of  tae  pcwar  units  of  rocket  vehicles. 

Key:  (1)  .  9lth  the  direct  trassforsation  cf  prinary  energy  into  th 
electrical.  (2).  Cheoical.  (3).  Blectrocheoical  storage 
batteries/accuaulators.  (4),  Fuel  cells.  (5).  Pcver  units.  (6). 
Machine.  (7).  Solar.  (8).  Badioisotope.  (9).  Thermal.  (10).  with 
nuclear  reactor.  (11).  with  nuclear  reactor. 
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In  the  solar  power  units  (or  solar  batteries)  are  used  the 
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photoelectric  transformers,  which  i-roduce  electrical  energy  with 
their  illuainati.oc  by  sclar  rays/okaas.  If  the  service  life  cf 
chemical  power  units  is  limited  (usually  it  dees  not  exceed  several 
weeks) ,  then  solar  batteries  can  work  long  time  (of  up  to  several 
years) . 

Thermal  pov-er  units  axe  subdivided  into  th'^  tnachinis  ones 
(turbogenerator)  and  the  machine- ti.ee  ones. 

In  the  machine-free  power  units  thermal  energy  directly  is 
converted  into  the  electrical,  fig.  18,5  shows  the  diagram  of 
radioisotope  power  unit  with  the  thermicnic  converter,  which  are  the 
battery  of  the  thermcccc pies  whese  one  weld  is  placed  into  the  zone 
of  the  liberation  of  heat  -  intc  the  capsule  with  the  radioisotope, 
and  another  5s  connected  with  nhe  lew-temperature  zene  -  radiator. 
Radiator  throws  off  excessive  heat  into  cuter  space.  This  power  unit 
also  can  work  several  years. 

In  the  machine  power  units  (Fig.  18.6)  ate  an  electric  generator 
and  a  closed  duct/contcur  of  tne  working  medium/propellant,  into 
which  enter  the  turbine,  radiatcx-capacitcr/condenser,  the  pump  of 
working  medium/propellant  and  nuclear  reactor.  The  vapors  of  working 
medium/prcpellant  from  nuclear  reactor  enter  the  turbine,  giving  its 
and  connected  with  it  electric  generator  in  the  rotation,  and  then 


into  capacitor-radiator,  in  whica  the  7apcrs  cf  working 
aediua/prop*»llant  aro  ccndanaad.  Xhs  liquified  working  body  is  pusipa 
into  nuclear  reactor,  etc.  Machine  power  units  especially  with 
nuclear  reactor)  are  capable  of  creating  large  power  during  the  long 
time  (of  up  to  several  years) . 
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?i:j,  1^,u,  "^’s^rsTn  cf  “h3  zuti.  cell:  ■’  -  "•^rcis  i?  Ir  c*  “s ; 

pl^c^roly^o. 


F'.g.  1^.5.  Diagram  of  radioisetep*  power  unit  with  th?raicnic 
convertor ;  1  -  capsule  with  radicisotope ;  2  -  internal  (hot)  shell;  3 
-  eleaents/cells  of  seaiconductor  thermionic  converters;  4  -  outer 
covering  (radiator). 


Pig.  IS. 6.  Diagram  of  machine  power  unit:  1  -  nuclear  reactor;  2  - 
turbina;  3  -  electric  generator;  4  -  radiator-condenser;  5  -  pump  cf 
working  medium/propellant. 
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Appendix  1. 


Host  frequently  used  units  of  the  measurements  of  the  system  of  SI. 
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Unit  of  mass  -  kilcgtam  (icg.j  -  the  mass  of  ons  liter  (1)  of  th 
distillfd  wat-r  at  a  tenperacuca  2770.  15K  (  1  1=1.000028  da’). 

Unit  of  force  -  nehton  (M)  -  the  force,  which  cosmonicates  to 
the  body  with  a  mass  of  1  Xg.  the  acceleration,  equal  to  1  m/s*, 
i.^.,  1  M=1  kq«m/s*. 

□nit  of  pressure  -  kar  -  the  tvenly  distri^'i-ad  pressure  at 
which  on  1  m*  acts  normal  to  surface  the  force,  =q'ial  to  lOs  n,  i.e. 
1  bar=10*  M/m*. 

Unit  of  work  -  joule  (J)  -  the  work  which  accomplishes  the 
constant  force,  equal  to  1  M,  witn  the  displacement  of  the  point  of 

I 

the  application  of  this  force  on  1  m  over  its  direction,  i.e.,  1 


Unit  of  power  -  watt  (H)  -  tae  power,  at  which  in  1  s  is  made 

the  work,  equal  to  1  jcnla,  i.3«,  1  V=1  J/s. 

Unit  of  specific  heat  -  1  J/kg  -  quantity  of  heat,  which  is 
contained  in  1  kg.  of  mass. 

Unit  of  heat  flux  -  watt  (S)  -  the  heat  flux  with  which  through 

certain  area  1  s  passes  the  quantity  of  heat,  equal  tc  1  joule. 
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Unit  of  heat  transfer  rata  (aeat-flux  (Jensity)  -  W/a*  -  heat 
trar.sfar  rate,  with  which  through  tha  area,  equal  tc  1  it*,  is 
transnittad  the  heat  output,  equal  to  1 


Apocndlx  2.  '?<ai;».tionsh-?  cs/rarios  oe^w-aen  irost  frequently  used  unitv 
of  the  aeasur9fflen*s  cf  different,  systems. 

rH=0.1019716  '  1^=9,80665 

[ih  (5ap  =  1.019716  jcT/cjk*  @1  >c/'/c.w-= 0.980665  6ap  '>(S' 

5ap= 0,986923  <pu3.  otm  (3X  tpu3-  ar-u  =  1.01325  oap) 

6ap = 750,062  J<iM  pr.  ct.  t-D  mm  pr.  cr.  =  1.33322- 10"'  oap  (S' 
(^^M-ce/c//ci»0,101976  kT -ceK/KeCvliSicr •ceK/Ke= 9,80665  K-ttu.  sz 
^  101,9716  Kf-ceKlA  rtjl  kT ‘CeKlA^ 

,a,Vdaie=0,10l9716  KT-iK  =9.80665- lO'*  K-ceK/.«= 

0,238844  koa  (/O  1  «r-.tt=9,80665  d»c  (S> 

(/>;  I  Kdae/x^ =0,238844  ioca4/Ka  <2^  /cfw =4.1868  dx  <SD 
pH  flr=(),1019716  kT -MleeK<S>  paq  >wca4/«=4,1868  KdoK'KzO^ 

1  Kar= 1,35962  .4.  c.  »cr-4</ceK= 9,80665  er 

(j^  er= 0,238844  koa/cck  ^'J71  4.  0,735499  kbt 

0  erlMi  -  0,859845  kkoa/  (  h  •  j«S)(  I7;\  k^bk = 4 . 1 868  dx  (£> 

1  KKCui!  (t  •  4<2)  =  1 ,1 630  ar/.'i* 

Key:  (1)  )il.  (2)  kgf.  (3)  bar.  (4)  phys.  atn.  (5)  mn  Hg,  (6)  S*s/kg. 
(7)  kq*s/Xg,  (8)  kg«s/i.  (9)  joule.  (10  N»s/m^,  (11^  cal.  (12)  kJ/k 


(13)  kcal/kg.  (14)  w.  (15)  hp.  (16)  cal/s.  (17)  h*in*.  (18)  hp. 
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App^'ndix  3,  Tahl«  of  Talu«s. 


/e=*/  (*e.  '•p) 


C 

1,08 

1,09 

1.10 

1.12 

1.13 

:o 

4,3145 

4,2458 

4,1787 

4,1138 

4,0537 

3,9941 

40 

7,4812 

7,3225 

7.1807 

7,0372 

6,9020 

6,7731 

60 

10,164 

9,9370 

9,7148 

9,5040 

9,2997 

80 

.13,193 

12,860 

12,548 

12,244 

11,959 

11,685 

100 

15,875 

15,458 

15.062 

14,675 

14,312 

13,961 

150 

22,320 

21,677 

21,049 

20,457 

19.906 

19,372 

200 

28.476 

27,594 

26,779 

25,970 

25,213 

24,486 

250 

34,442 

33,320 

32,263 

31,261 

30,308 

29,394 

300 

40,270 

38,902 

37,635 

36.445 

35,266 

34,180 

400 

51,450 

49,724 

48,003 

46,362 

v44,769 

.  43,306 

500 

62,359 

60,108 

57,880 

55,840 

53.921 

52,084 

750 

88,507 

85.on 

81,783 

78,682 

75,758 

72,937 

1000 

113,79 

109,05 

104,66 

100,45 

96,564 

92,770 

1500 

162,26 

154,95 

148,32 

142,12 

136,16 

130,54 

2000 

208,54 

199,10 

190,06 

181,70 

173,66 

166,24 

2500 

253,58 

241,53 

230,36 

210,14 

200,74 

3000 

297,83 

283,49 

269,90 

245,35 

234,30 

3500 

340,48 

323,55 

307,84 

293,02 

279,23 

266,30 

4000 

383,43 

364,06 

346.27 

329,36 

313.75 

298,98 

4500 

425,91 

404,22 

384,04 

364,94 

347,36 

330,60 

1.14 

1.15 

1.16 

1.17 

1.18 

1,19 

20 

3,9374 

3,8807 

3,8272 

3,7738 

3,7225 

3,6726 

3.6248 

40 

6,6462 

6,5249 

6,4097 

6,2929 

6,1830 

6,0771 

5.97M 

60 

9,1066 

8,9200 

8.7350 

8,5595 

8,3929 

6,2280 

8.0708 

80 

11,417 

11,162 

10,916 

10,679 

10,450 

10,231 

10,019 

100 

13,625 

13,302 

12,990 

12,689 

12,401 

12,126 

11,862 

150 

18,858 

18,370 

17,900 

17,445 

17,006 

16,588 

16,183 

200 

23,804 

23,139 

22,505 
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